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Figure 3-1: Actual use of the DEC-2065 

for the Month of November, 1988 
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Figure 3-2: MONET’S Percentage of Total System Use, 12/87 - 1 l/88 
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Tabel W-3: BIONET Prime Time CPU Minutes 

Dee 24588.20 1076.90 782.60 26447.70 
Jan 9840.70 414.00 169.80 10424.50 
Feb 10605.80 372.90 335.25 11313.95 

Mar 14010.30 649.90 251.45 14911.65 
Apr 11521.40 331.10 298.70 12151.20 
May 11980.10 391.50 153.45 12525.05 
Jun 14747.70 338.70 229.30 15315.70 
Jul 10960.00 312.50 258.00 11530.50 
Aug 12371.60 288.00 167.40 12827.00 
sep 12261.40 257.90 440.05 12959.35 
act 10897.40 231.20 322.25 11450.85 
Nov 9625.80 176.90 295.45 10098.15 

BlONETUsers BIONET 
Except Staff staff 

BCRG Plus 
System 

Overhead 

Total 
BDNET 

Use 

Total 153410.40 4841.50 3703.70 161955.60 

Tabel M-4: BIONET Prime Time Connect Hours 

Dee 
Jan 
Feb 

Mar 
APT 
May 
Jun 
Jul 
Aug 

z 
Nov 

BlONETUsers 
Except Staff 

BIONET 
staff 

BCRG Plus 
System 

Overhead 

Total 
BIONET 

USe 

7798.00 2642.90 4134.35 14575.25 
2718.80 952.80 1782.45 5454.05 
3858.20 867.50 1728.60 6254.30 
5642.74 1257.30 2112.30 9012.34 
4654.20 978.80 1701.85 7334.85 
4391.40 957.70 1652.45 7001.55 
6065.20 992.00 2040.55 9097.75 
5265.30 668.20 1569.30 7502.80 
5629.10 955.40 1639.50 8224.00 
5168.20 866.30 1928.90 7963.40 
4101.40 773.80 1629.40 6504.60 
3585.20 726.50 1624.30 5936.00 

Total 58677.74 12639.20 23543.95 94860.89 
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Figure 111-3: BlONET’s Prime Time Use of the DEC-2065 12/87-l l/88 
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Tabel 111-5: BIONET Non-Prime Time CPU Minutes 

lac 
Jan 
Feb 

Mar 
Apr 
May 
Jut-i 
Jul 

5 
Nov 

39571.00 322.10 1287.75 41180.85 
16832.60 117.00 278.75 17228.35 
17766.40 90.70 1512.10 19369.20 
24050.10 482.30 235.65 24768.05 
19409.10 645.70 759.55 20814.35 
20637.40 67.90 244.65 20949.95 
25492.50 77.30 267.00 25836.80 
18816.00 175.60 605.25 19596.85 
21007.50 20.30 177.50 21205.30 
17103.50 26.70 742.45 17872.65 
14466.40 16.10 809.05 15291.55 
14094.70 19.20 748.70 14862.60 

Total 249247.20 2060.90 7668.40 258976.50 

BlONETUsers BIONET 
Except Staff staff 

BCRG Plus Total 
System BIONET 

Overhead USe 

Tabel W-6: BIONET Non-Prime Time Connect Hours 

Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 
sep 
act 
Nov 

BlONETUsers 
Except Staff 

BIONET 
staff 

BCRG Plus 
System 

Overhead 

Total 
BICNET 

Use 

5439.10 450.70 5643.70 11533.50 
1690.10 156.10 2640.40 4486.60 
2557.80 117.60 2646.85 5322.25 
4395.60 207.00 3146.75 7749.35 
3170.90 199.70 2597.45 5968.05 
3258.80 108.00 2579.00 5945.80 
4045.40 87.60 3150.10 7283.10 
4053.40 71.20 2248.00 6372.60 
4743.40 67.70 2549.05 7360.15 
3250.10 105.70 2887.10 6242.90 
2553.00 33.40 2560.30 5146.70 
2194.80 58.50 2524.55 4777.85 

Total 41352.40 1663.20 35173.25 78188.85 
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Figure 111-4: Bionet’s Non-Prime Time Use of the Dee-2065, 12/87-l l/88 
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Tabel M-7: BIONET Total CPU Minutes 

lhc 
Jan 
Feb 

Mar 
Apr 
May 
Jun 
Jul 
Aug 

2 
Nov 

BIONET Users BIONET 
Except Staff staff 

BCRGPlus 
System 

Overhead 

Total 
BIONET 

lJsa 

64159.20 1399.00 2070.35 67628.55 
26673.30 531.00 448.55 27652.85 
28372.20 463.60 1847.35 30683.15 
38060.40 1132.20 487.10 39679.70 
30930.50 976.80 1058.25 32965.55 
32617.50 459.40 398.10 33475.00 
40240.20 416.00 496.30 41152.50 
29776.00 488.10 863.25 31127.35 
33379.10 308.30 344.90 34032.30 
29364.90 284.60 1182.50 30832.00 
25363.80 247.30 1131.30 26742.40 
23720.50 196.10 1044.15 24960.75 

Total 402657.60 6902.40 11372.10 420932.10 

Tabel Ill-& BIONET Total Connect Hours 

Dee 
Jan 
Feb 
Mar 
W  
May 
Jun 
Jul 
Aug 

2 
Nov 

BlONETUsers 
Except Staff 

BIONET 
staff 

BCRG Plus 
System 

Overhead 

Total 
BKINET 

Use 

13237.10 3093.60 9778.05 26108.75 
4408.90 1108.90 4422.85 9940.65 
6216.00 985.10 4375.45 11576.55 

10038.34 1464.30 5259.05 16761.69 
7825.10 1178.50 4299.30 13302.90 
7650.20 1065.70 4231.45 12947.35 

10110.60 1079.60 5190.65 16380.85 
9318.70 739.40 3817.30 13875.40 

10372.50 1023.10 4188.55 15584.15 
8418.30 972.00 4816.00 14206.30 
6654.40 807.20 4189.70 11651.30 
5780.00 785.00 4148.85 10713.85 

Total 100030.14 14302.40 58717.20 173049.74 
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Figure 111-5: Bionet’s Total Use of the Dee-2065 12/87-l l/88 

Total BIONET Usage in CPU Minutes 
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Tabel 111-g: BIONET Network Usage Connect Hours 

Dee 
Jan 
Feb 
Mar 
Apr 
May 
Jun 
Jul 
Aug 

2 
Nov 

Total 46652.77 18743.95 65396.72 

Prime Non-Prime Total 
6779.69 2717.94 9497.63 
2246.27 857.43 3103.70 
3047.92 1203.13 4251.05 
4279.67 1774.58 6054.25 
3620.61 1277.32 4897.93 
3210.61 1259.72 4470.33 
4421.23 1724.26 6145.49 
3928.71 1860.19 5788.90 
4573.06 2395.25 6968.31 
4009.63 1543.09 5552.72 
3516.30 1228.15 4744.45 
3019.07 902.89 3921.96 
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Figure 111-g: Total Telenet and CompuServe Network Use, 12/87-l l/88 
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3.1.5.4 Computer Software - Core Library 
There was a new release (version 5.2) in August 1988 of the IntelliGenetics software suite that 
makes up the Core Software Library. This software is made available to the BIONET community 
immediately upon its formal release. Version 5.2 included the addition of new functionality to many 
of the existing programs and also included a completely new program, FINDSEQ, that simplified the 
retrieval of sequence data from the GenBank and PIR databases and also allowed for the 
performance of Boolean searches. FINDSEQ was considerably more user-friendly and powerful than 
the previously used FIND command, but was designed to handle searches that did not require the 
power of the IntelliGenetic’s QUEST database pattern searching program. The next release of the 
IntelliGenetics software is scheduled for early 1989 and will be made available on BIONET. It will 
feature significant new improvements in speed and sensitivity for database similarity searches. 

3.1.5.5 Computer Software - System Library 
During the course of the year most new systems software was added to the new Sun network. This 
was documented above in the section entitled Development work on the new Sun central 
computing facility. 

3.1.5.6 Computer Software - Contributed Library 
Software contributed to BIONET is placed in the <CONTRIBUTED> directory on the DEC-2065, to 
which only the BIONET community has access. Recently BIONET has also implemented an 
“anonymous FI’P” capability on the new Sun 3/280 file server. This allows users on other Internet 
computers to retrieve software from BIONET over the network through the use of the FI’P or File 
Transfer Protocol. This method of retrieval is significantly faster than downloading files from 
BIONET to a remote PC and does not run up communications charges. 

Major software packages produced by BIONET collaborators and implemented on BIONET with the 
aid of our staff have been summarized under Collaborative Research, above. Refer also to the 
software lending library catalog in Appendix IV. 

3.1.5.7 Database Library 
BIONET provides its users with a large number of different databases in support of molecular 
biology and molecular genetic research, the most popular being the Roberts’ restriction enzyme 
database and the GenBank nucleic acid sequence database. We provide database updates in a 
timely manner to the community. Our sequence database releases in IntelliGenetics’ file format 
have usually been 2-3 weeks after obtaining the tapes from NIH GenBank or the EMBL. The 
original database format files are made available on the DEC-2065 usually the same evening of the 
day on which the tapes arrive. 

BIONET databases were discussed in detail in previous Annual Reports. New additions and 
changes to the databases on BIONET during this year are described above under Data Contributors. 
Here we document the use of the major databases on BIONET. 

The DNA and protein sequence databases are used by BIONET scientists as a source of sequence 
data and for searching. Two major types of searches are performed. The main usage occurs when 
BIONET users search the database for similarities or homologies with sequences that they have 
determined. The second type of search involves use of the QUEST program to find interesting 
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consensus sequences that are known to have functional importance. This year our statistics on 
database searching have been dramatically impacted by the introduction of the FASTA-MAIL 
program. Since accounting software is not yet available on the Sun system we cannot provide 
accurate data for the number of individual GenBank, PIR, or SWISS-PROT database searches 
performed by users. Statistics can, however, be provided for the overall total number of searches. 
We know that the FASTA-MAIL interface on the DEC is utilized 950 times per month or 32 times 
per day on average. FASTA-MAXL is used to search each of the three databases just mentioned. 
BIONET has successfully promoted the use of FASTA-MAIL over the use of other database 
searching software to reduce the load on the DEC 2065 computer. In addition the IntelliGenetics’ 
QUEST and IFIND programs are used 346 times per month for database searches. 

Restriction Enzyme Database - Thanks to Dr. Richard Roberts, the chairman of the BIONET 
National Advisory Committee, we have established one of the most up-to-date lists of restriction 
enzymes available. Dr. Roberts maintains a restriction enzyme registry and distributes his updated 
lists in an electronic message to BIONET. BIONET incorporates these new lists into its program 
essentially immediately. These lists are used within the core program SEQ and PEP and are 
referenced 459 times per month. 

VectorBanktm . - Vectorbank is a collection of sequence data and restriction maps of important 
cloning vectors, viruses and phages that is maintained by the IntelliGenetics staff. This database is 
used by the CLONER program for manipulating restriction maps and simulating DNA cloning 
experiments. Release 4.2 of VectorBank in May saw the revision of the restriction map data files for 
all 146 vectors in the database. All single and double cutter sites using prototype enzymes from the 
latest restriction enzyme database were included in the map data. Individual Vectorbank sequence 
files are accessed up to 25 times per month. 

KeyBanktm - KeyBank is a data bank of nucleic acid and protein consensus patterns collected from 
the literature by IntelliGenetics, Inc. KeyBank is produced in a format suitable for use with the 
QUEST pattern searching program of the IntelliGenetics Suite. Some of the patterns available 
include binding sites, active sites, allosteric sites, phophorylation sites, cleavage sites, cap sites, 
chromosome modification sites, polymerase binding sites, insertion sites, regulatory sites, 
methylation sites, replication origins, satellite DNA, 2 DNA, and zinc finger regions. The latest 
release (rel. 3.0, October 1988) has 1237 new patterns taken from more than 906 references. This 
part of KeyBank occupies more than 690,000 bytes of memory. In addition, KeyBank also has files of 
codon and restriction enzyme site patterns. The contents of the key files in the main part of 
KeyBank can be easily searched by using the many indices supplied with the database, such as the 
organism, keyword, or citation indices. Individual database files in KeyBank are utilized up to 10 
times per month. 

3.2 Highlights 
The sections above describe in detail our accomplishments in the several components of the BIONET 
Resource. Considering that a very signficant fraction of staff time during our fifth year was involved 
with planning, grant writing, and other obligations for our renewal, substantial progress was still 
made on the Resource. Here, in brief, are some of the most notable: 

l The new computer network donated by Sun Microsystems is being prepared for direct 
access by the user community by the BIONET systems staff (Mr. Rob Liebschutz and 
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Mr. Eliot Lear). As of August 1988 BIONET released the FASTA-MAIL program. This 
provided our users on the DEC with electronic mail access to high-speed database 
searches on our Sun 3/280 computer. Database search times were reduced from hours to 
tens of minutes or less, and the average mid-day user load on the DEC 2965 dropped 
by a factor of about three to five since it was no longer being used for these compute- 
intensive tasks. FASTA-MAIL used the FASTA program obtained from Dr. William 
Pearson, and the mail server portion was developed by Mr. Liebschutz, Mr. Lear, and 
Mr. Spencer Yeh. 

l The BIONET user community continued its vigorous growth, up 31% over last year for a 
total of 867 laboratories on the system. On the DEC 2965 total cpu usage increased by 
65% and total connect hours by 36% as compared to last year. 

l Dr. Jeny Jurka, the BIONET Scientist, published important work in the area of 
repetitive DNA sequence analysis. In conjunction with this research, new functionality 
has been added to the Multiple Aligned Sequence Editor MASE) by the BIONET 
applications programmer, Mr. Liang Jen Homg. This editor was originally developed by 
Dr. Jurka and Donald Faulkner at Dana Farber’s Molecular Biology Computer Research 
Resource and then extended at BIONET over the past year. Work on the editor has also 
involved collaborators from the machine learning group at the University of California at 
Santa cruz. 

l Dr. Sunil Maulik has continued work on the RICH program which performs database 
searches for sequences of defined percent composition. Dr. Maulik has obtained some 
interesting preliminary results with the program. He has also been involved in 
developing a new HyperCard tm-based user interface for BIONET. 

l The electronic communications network was significantly enhanced. The efforts of Dr. 
David Kristofferson led to the formation of the international BIOSCI bulletin board 
network. Besides BIONET in the U.S., other major BIOSCI distribution sites are 
situated in England, Ireland, Sweden, and Finland. Recipients of the bulletin boards 
from these sites are located in all parts of the globe. The bulletin boards are available to 
users on the ARPANET, BITNET, EARN, Usenet, NSFnet, and JANET. Users in any 
particular location need only post or receive messages from their closest site. Any 
posting at any center is automatically forwarded by the central BIOSCI sites to all other 
participants on the above-listed networks. 

l Finally, the research conducted by BIONETs 867 laboratory groups was made 
significantly easier by a total revision of the BIONET documentation and the production 
of a new User Manual. This involved major efforts by BIONET staffer’s Ms. Vickie 
Johncox, Mr. Spencer Yeh, and Ms. Rathryn Berg. The documentation was sent free of 
charge to all users on the system this past summer. 

3.3 Administrative Changes 
The following have been the administrative changes within BIONET during the past year. These 
have come about for reasons ranging from personnel shifts to additions and resignations. None of 
these changes has had a negative impact on the Resource itself, in particular, its “appearance” and 
availability to the community. 

l Mr. Liang Jen Homg was hired in May 1988 as the new BIONET Applications 
Programmer to assist Dr. Jurka in his research efforts and to work on the BIONET 
contributed software. Mr. Homg has a M.S. in Computer Science from San Jose State 
University. 

l Mr. Eliot Lear was hired in June by the Computer Facilities group at IntelliGenetics as 
an additional system programmer. Mr. Lear has a B.S. in Computer Science from 
Rutgers and has run a state-wide network of Sun Microsystems file servers and 
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workstations. Since joining IntelliGenetics he has devoted a large fraction of his time to 
bringing up the new Sun system for BIONET. 

l Ms. Vickie Johncox, formerly a BIONET Scientific Consultant, left BIONET in June for 
another job as head of IntelliGenetics’ training group. BIONET hired Dr. Karen Davis, 
formerly at the University of California, Santa Cruz, as her replacement. Dr. Davis 
started at the end of June. No disruption in the service occurred as Ms. Johncox’s duties 
were handled smoothly by Mr. Spencer Yeh and Drs. Maulik and Kristofferson. 

l In November, Ms. Rathryn Berg resigned as BIONET Administrator to pursue work 
elsewhere. Before her departure BIONET hired Ms. Cindy Eppard from IntelliGenetics 
to replace Ms. Berg. Ms. Eppard learned her new responsibilities rapidly, and there was 
no interuption in the establishment and processing of BIONET user accounts. 

Despite the demands of their jobs, increased once again by a 31% growth in the size of the user 
community this year, the BIONET stafF remains a highly dedicated group of individuals who are 
interested in their work and in promoting the goals of the resource. BIONET has received many 
testimonials to the quality of its staff and the support that they provide. Copies of a few of these 
testimonials are included in Appendix VIII. 

3.4 Resource Advisory Committee and Allocation of Resources 
The membership of BIONETs National Advisory Committee has not changed this past year. The 
NAC consists of: 

l Dr. Richard J. Roberts, Ph.D., Chairman, Senior Staff Investigator, Molecular Biology, 
Cold Spring Harbor Laboratory 

l Professor John Abelson, Ph.D., Department of Biology, California Institute of Technology 

l Professor Alan Maxam, Ph.D., Dana Farber Cancer Institute, Harvard Medical School, 
Harvard University. 

l Thomas Rindfleisch, M.S., Director, Knowledge Systems Laboratory, Department of 
Computer Science, Stanford University. 

l Professor Irwin Runts, Ph.D., Department of Pharmaceutical Chemistry, University of 
California, San Francisco. 

l Professor Charles Yanofsky, Ph.D., Department of Biological Sciences, Stanford 
University. 

l Professor Eric Lander, Ph.D., Harvard Business School 

l Professor Joshua Lederberg, M.D., Ph.D., President, The Rockefeller University. 

The last regularly scheduled meeting occurred on November 13, 1987 in Mountain View. Due to the 
time occupied by preparations for the BIONET renewal the next NAC meeting has been postponed 
until the first part of 1989. When issues have arose during this last year we have consulted 
members of the NAC by phone, especially our chairman, Dr. Roberts, and Mr. Thomas Rindfleisch 
at Stanford. 

Allocation of Resources. Tbe Committee agrees with our methods for allocating the Resource. 
The DEC-2065 computer uses its windfall scheduler to allocate cpu time to the various categories of 
users and overhead, as described under Resource Facilities. The cpu time is distributed on a first- 
come, first-served basis. This method has been very successful. Considerably more than 50% of 
CPU time (BIONET’s original allocation) has been delivered to BIONET scientists (see Resource 
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Facilities, above). BIONET is now routinely using almost 90% of the DEC 2065 plus significant 
resources on the new Sun computer system. 

We continue to request that the community not have more than one person per PI group using 
BIONET at the same time during prime time. The community continues to do an excellent job in 
complying with this policy. 

We continue to allocate additional disk space to PI groups involved in managing large sequencing 
projects or extensive databases of sequences. We do this on an ad hoc basis upon requests by 
investigators. Our archive and retrieval system is working smoothly for archival storage and prompt 
retrieval (one to two days) of important files. 

3.5 Dissemination of Information of Resource’s Capabilities 
We discuss two areas related to dissemination of information about the Resource that we have 
pursued this grant year. The first is interactions with the scientific community through 
participation at conferences and seminars. The second is use of the electronic mail and bulletin 
board facilities of the Resource itself to keep scientists worldwide aware of changes and 
improvements. 

3.5.1 Community Interactions and Awareness 
We have used two methods this year to inform the community about BIONET and to solicit 
applications for access to the Resource. The first method has been the presentation of invited 
seminars and participation at major conferences where we have presented lectures and/or have had 
booths at exhibitions. These efforts are summarized above under BIONET Training Program. At 
these conferences, we have distributed the standard applications packets to scientists, after 
demonstrating to them the capabilities of the Resource. 

The second method has been through the publication of journal articles which describe BIONET. 
This year an article detailing new developments at BIONET appeared in vol. 16 no. 5 of Nucleic 
Acids Research. A preprint of this article was in last year’s Annual Report. An upcoming article will 
appear in Protein Sequence and Data Analysis and is listed on the BRTP Training Form under 
Scientifx Subprojects. A copy of this article is available in Appendix II. 

3.5.2 Electronic Communications 
The electronic communication facilities of BIONET provide another important way to disseminate 
information about the Resource. In addition, electronic mail and bulletin boards provide a 
mechanism for scientific and technical interchanges among members of the community. With the 
dissemination of BIONET bulletins to investigators outside of the Resource (via ARPANET, BITNET 
and USENET), information about BIONET is being distributed electronically worldwide. 
Information on the types of electronic mail communications with BIONET was summarized 
previously in the discussion of the Collaborative Research component of the Resource. 
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3.6 IMPORTANT Suggestions and Comments 
For the BIONET staff the main ‘highlight” of this year was the renewal process of the BIONET 
grant. We have not commented on this topic in this report because some issues are still under 
negotiation with the NIH and are not yet for public disclosure. We do, however, have the following 
general comments. 

The regulations of the BRTP program at the Division of Research Resources require a Resource such 
as BIONET to excel in several different areas: Technological Research, Collaborative Research, 
Service, Training, and Dissemination. Given the size of the BIONET user community and the 
demands that it makes on our staff, it has always been a challenge to cover all of these areas 
adequately. We have excelled in the areas of Service, Training, and Dissemination because, until the 
addition of Dr. Jurka, that was where our talents lay and the sheer din of the user community would 
have been deafening had we neglected the Service to devote more of our limited resources to 
research. We feel that the real justification of this resource has been the quality of the research done 
BY OUR HUNDREDS OF USERS and that any efforts on our behalf would always be dwarfed by 
comparison. 

Nonetheless, DRR regulations make it possible for a committee of ten people who are not even 
users of the Resource to come in and possibly scuttle the entire operation because of deficiencies 
in just one of the five mandated areas. Furthermore it is possible that such an event can occur 
without ANY input from the almost 3000 users of the resource. 1 The fact that such an action could 
lead to the disruption of research and electronic communications for almost 900 laboratories around 
the world does not seem to be a perturbing factor in the renewal decision. This surely must be 
one of the more amazing possibilities in the history of modern science! 

If this year’s report demonstrates anything, it shows that BIONET works and works 
succeaafulIy, and that it has continued to make significant improvements over the last several 
years. We have the largest user community of any similar resource in the world and it continues to 
grow, even attracting users from locations that have competing facilities. Few, if any, other related 
organizations can lay claim to the “resourcefulness” that BIONET has shown in successfully 
pursuing its proposal to Sun Microsystems which resulted in the grant of $150,009 in new hardware. 

We suggest that reason finally prevail in this process, and that the NIH recognize, preserve, and 
expand this valuable resource. DRR regulations should be reviewed and revised so that 
organizations that are primarily devoted to Service need not excel in every single BRTP category in 
order to survive. 

To date the user community is only dimly aware of the forces impinging upon BIONET. Because of 
the current negotiations with the NIH it has not been appropriate to involve them. It would be 
extremely interesting to see their reaction if events lead to the termination of the BIONET Resource, 
but, if reason prevails, this disasterous event will not come to pass, and the users will continue to 
invest their energies productively in their research. 
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I. BIONET Research Publications 
Copies of six BIONET research publications and abstracts are included in this section. 
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Proc. Natl. Acad. Sci. USA 
WWp. 4775-4778. July S88 

A fundamental division in the Ah fam ily of repeated sequences 
(evolutton/Alu subfatnilks/sewdary stllmre/cpG dimukottck) 

JERZY Jum*t AND TEMPLE SMITH* 
l Bione~, 700 East El Camino Real, Mountain View, CA 94040, and *Dana-Farber Cancer Institute, Harvard School of Public Health, 44 Binney Street. 
Boston. M A  02115 

Communicated by Roy J. &&en, March 10. 1988 

ABSTRACT The ALU family of repeated sequences from 
the human genome contains two distinct subfamilies. This 
divisiin is based on different base preferences in a number of 
diagnostic sequence positiuns. One subfamily of the sequences, 
referred to as the Alu-J subfamily, is very similar to 7SL DNA 
in these positions. The other subfamily, Al&, can be divided 
further into well-defii branches of sequences. These t’lnd@s 
revisethepreviouspictureoftheAlufamilyandexposekir 
complex evdutionary dynamics. They reveal 8equenee varla- 
tions of potential importamx for the proliferatSon ofAlu repeats 
andrelatethemtotheirstru&nd features. In addition, they 
open the possibiity of using different types ofAlu sequences as 
natural markers for studying genetic Memeats in the 
genome. 

A typical human Ah family member is a sequence 1300 base 
pairs long and consists of two similar but not identical 
subunits, Ah-left and Alu-right, connected by an adenine- 
rich linker. Both halves ofAfu elements are related to the 7SL 
RNA (1). Although Ah sequences are the most abundant 
among middle repetitive elements in the human genome, their 
biological role remains unclear (2). In this paper, we report on 
the presence of at least four different types of Alu sequences, 
which probably originated at different times in the history of 
primates. 

METHODS 
A set of 125 complete or nearly complete human Ah 
sequences were extracted from the GenBank DNA sequence 
data base.0 The list of the GenBank loci used, positions of the 
extracted sequences, and other specifications are given in the 
legend of Table 1.7 The statistical analysis described below is 
based exclusively on painvise comparisons of each Ah 
sequence with the consensus sequence (see Fig. 1). using the 
computer algorithm of Smith and Waterman (3). The overall 
consensus sequence in Fig. 1 was derived from our data and 
is slightly different from the one recently published (2). The 
differences are exclusively within CpG doublets, which are 
known to be variable in A/u repeats (4). Taking pairwise 
comparisons as a starting point, the multiple alignment of the 
analyzed set of sequences has been done by hand with a 
specialized sequence editor (5). To detect sequence positions 
with different base preferences (diagnostic positions), we 
used “column-correlation” function incorporated in the 
sequence editor (5). This function was originally designed to 
perform automatic searches for compensatory mutations. 

RESULT8 
During a search for compensatory mutations in the multiply 
aligned set of 125 Alu sequences, we noted an unusually high 

lltc publication costs of this article were defrayed in part by page charge 
payment. This article must thercforr hc hereby marked “ahcrriscmen/” 
in accordance with 18 U.S.C. 01734 solely to indicate this fact. 

proportion of correlated base occurrences in at least 15 
sequence positions. These positions are referred to as diag- 
nostic positions and are listed in column 1 of Table 1 (the 
position numbers are the same as in Fig. 1). The observed 
correlations in the diagnostic positions reflect different base 
occurrences in different Ah subfamilies. It is shown below 
that the most predominant bases in the 15 diagnostic posi- 
tions belong to only one of the two basic types of Ah 
sequences present in the analyzed set. 

To segregate the most predominant type from the remain- 
ing Ah sequences, we have used computer alignment (3) of 
each Ah element with the Ah consensus from Fig. 1. The 
average overall similarity between the 125 Ah sequences and 
the Ah consensus is 83.88% with a SD of 5.63% (gaps 
counted as single mismatches). These numbers are slightly 
different if gaps are excluded from the analysis (see Table 3). 
Given the overall similarity, we assume that the probability 
of matching between any Ah sequence and its consensus in 
a randomly chosen aligned position equals 0.83. Any Alu 
sequence similar 40% or less to the consensus sequence in the 
15 diagnostic positions has been defined as an Ah-J element. 
The probability of only 6 matches or less in 15 randomly 
chosen aligned positions can be calculated from the binomial 
distribution and is <O.OOl. Following the statistical defini- 
tion, we have found 31 Afu-J sequences in the analyzed set of 
125 sequences. The remaining 94 sequences are referred to as 
Ah-S sequences. The 3:l ratio of S/J Ah sequences explains 
why the overall consensus sequences and Ah-S consensus 
sequence overlap. We have found no sequences matching 
seven or eight diagnostic consensus positions, which sug- 
gests that the distinction between J and S sequence types is 
quite sharp with few or no intermediate forms. As shown in 
Table 1, in the diagnostic positions the J subfamily maintains 
consistently different bases from those in the S subfamily. 
The difference in base preferences between J and S subfam- 
ilies is most evident at positions 94. 204, and 275 (Table 1). 
For example, G-204 is present in 29 of 31 Afu-J sequences and 
in only 1 of 94 Ah-S sequences. Similarly, G-94 and C-275 are 
powerful diagnostic indicators that can be used for prelimi- 
nary “by eye” identification of A/u-J elements. 

As illustrated in Table 1 the most frequent bases in the J 
subfamily are identical with those in 7SL RNA in 14 of 15 
diagnostic positions. Furthermore, the differences between J 
and S Ah elements correlate with differences in the adenine- 
rich linker connecting the left and right halves of the Ah 
dimer (positions 121-133 of the consensus sequence in Fig. 1; 
data not shown). The triplet TAC in the middle of the linker 
is present in 980% of Alu-S compared to only 20% of the 
A/u-J sequences. It is not certain if the homologous TAC 
triplet was ever present in many Alu-J sequences since their 

“To whom reprint requests should be addressed. 
tEMBL/GcnBank Genetic Seauencc Database (1987) GenBank 
(IntelliGenetics, Mountain View, CA), Tape Rek&e 46i.O. 

)The AI u sequences used in this study are available on the Bionct 
computer in the file <jurka>human-aluseq. The data can also be 
obtained by electronic mail from jurka@bionet-2O.a. 
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Table 1. Dipgnostic base diiennces between major subfamilies of the Alu family 

Consensus Ah Frequency of Base in Consensus AIU Frequency of Base in 
position subfamily T C A G (-) 7SLDNA position subfamily T C A G (-) 7SLDNA 
57 (C) J 6 3200 2 A 163 (A) J 12 325 . . 

S 36 47 9 2 0 
63 (A) J 2 0 12 16 1 G 

S 1 287 4 0 
65 0 J 30 1 0 0 0 T 

S 20 41 1 1 37 
70 6-i) J 2 21 0 7 1 T 

S 0 2 389 0 
71 0-l J 523 0 2 1 C 

S 90 4 0 0 0 
94 cl J 0 0 229 0 G 

S 487 11 1 
101 (G) J 2 0 19 10 0 A 

S 0 0 985 0 
1% (A) J 0 0 13 18 0 G 

S 0 093 10 

S 2 1 55 36 
1~~4 (A) J 1 0 6 22 

S 1 1 91 1 
204 (A) J 0 0 1 29 

S 0 0 89 1 
208 (G) J 0 0 20 11 

S 2 3 29 59 
~0 J 6 22 1 1 

S 80 10 0 1 
233 (A) J 22 2 4 0 

S 0 090 3 
275 (‘l-l J 128 10 

S 85 2 1 2 

0 G 
0 
2 G 
0 
1 G 
2 
0 A 
1 
1 C 
3 
3 T 
1 
1 C 
4 

Consensus Positions are taken from Fii. 1. (- Alignment gaps. Loci names and 5’ + 3’ positions of Alu-J and AI& sequences are listed 
below as they appear in GenBank (release 46.0). l Alu reseats eomplcmcntary to tbc consensus sequence are listed in 3’ + 5’ order. Positions 
Qnceded by b snd c indkate b and c btancbes of Ah-S sequences, respeetivcly, as defined in Table 2 and in the text. A&J: 
HUMACHRA7(1580-1295); HUMADAG(4907-5201. 24773-24495, 31460-31747); HUMAPGCll(l982-2235); HUhlAPOE4(2562-2849); 
HUMBLYM1(266-560); HUMERPA(1810-2100); HUMFJXG(2417224465); HUMFOL5(1577-1847); HUMlFNB3(2663-2405,13213-13489); 
HUMlL2R8(1209-1486); HUMLDLR(4193-4485); HUMPOMC2(26-340); HUMPOMC6(26-303): HUMRSAOLD(498-790); 
HUMRSKPA1(24-291); HUMTBB5(2922-2627, 2949-3239, 5611-5885); HUMTHBNB(3593-3883); HUMTPA(7512-7227, 8862-9165. 
10801-10513. 16794-17114. 18878-19167. 20944-21250. 22262-22536. 26941-27228); M13121(1141-856). Ah-S: HUMAlATP(4932-5219); 
HUMADAG(1672-1369.2357-2642; c: 56k-5893,8000-7720,8484-8193,13452-13741; 15386-15096.15806-16094,17224-16933.18414-187%. 
19900-19613. 22527-22812, 25453-25163, 27269-26979; c: 28032-28320); HUMAGG(b: 1391-1106); HUMALBG(3287-3576, 6046-5759); 
HUMANFA(c: 1340-1621; b: 1630-1919); HUMAPGAJ1(3291-3585, 6421-6709); HUMAPGAJl(2571-2860); HUMAPGCll(2254-2542); 
HUMAPGEl(636-352,2427-2138.5049-4773); HUMClA21(347-60); HUMCL423(330-45); HUMClAJN1(992-1285); HUMFIXG(7298-7595; 
c: 31537-31801. 35947-36248); HUMFOU(12S4-989); HUMGAST2(187~77); HUMGHV(2506-2248); HUMHBA4(2060-1773, 4297-4585, 
8548-8836); HUMHBBRT(482-190, 1260-1548); HUMlFNB3(4648-4363, 7265-7545; c: 8975-8688); HUMlNS2(69-357); 
HUMLDLlVS(291-8); HUMLDLR(L: 3715-4011); HUMMHDC3B(L: 3712-3424); HUMMHDRBYb: 2838-3124; c: 4063-4345); 
HUMMYCRT(c: 3143-2876); HUMNGFB(c: 5259-5544); HUMPGMC(1392-1102, 7099-6603); HUMPGMCl(333-47); HUMRSAl(c: 
508-803); HUMRSA27(1-251); HUMRSAlqb: 168-451); HUMRSABll(l-269); HUMRSAB13(11-295); HUMRSABlS(l-241); 
HUMRSAB2(1-288); HUMRSAB6(1-256); HUMRSAB8(1-265); HUMRSAP3(b: 897-1186); HUMRSKA1(21-347); HUMSLJT1(568-280); 
HUMTBB5(3289-3573. 4115-3849; b: 5241-4953; b: 6799-6516); HUMTBBM4O(c: 1828-2113); HUMTHBNB(1165-874, 3418-3110); 
HUMTPA(5960-5671, 6746-6483. 739-1022. 10066-10355. 12986-12700; b: 17170-17455. 21279-21567. 21940-21651, 25619-25905. 
26522-26811. 27879-28149; b: 28803-29090, 32922-33210, 34234-34503); HUMUG2PD(c: 546-260, 1685-1396); M1159l(b: 1404-1115); 
M12036(637-362); M12929(592-302). 

tinkers vary substantially in both their size and the primary 
sequence. 

Following the same approach, the S subfamily of the Ah 
family has been found to contain other types of Alu se- 
quences. Unlike the J/S division, the intra-S division is more 
difficult to define statistically since the number of simulta- 
neous differences between subsets of Ala-S sequences ap- 
pears to be smaller and there is a number of intermediate 
sequences virtually absent from the J-S junction. Therefore, 
we first define the most distinct “b” branch of the S 
subfamily as containing sequences that match 3 or fewer of 
the 11 diagnostic positions listed in Table 2 and in Fig. 1. 
There are 12 such elements in the analyzed set of W Afu-S 
sequences. The average overall similarity between each 
analyzed Ah-S sequence and the consensus sequence is 
86.59 if every gap is counted as a single mismatch (Table 3). 
Based on this number, we assume the probability of matching 
the aligned consensus sequence at a randomly chosen posi- 
tion to be 0.86. As calculated from the binomial distribution, 
the probability of matching 3 or fewer of the randomly chosen 
aligned positions is lo-‘. The probability of matching exactly 
4 and 5 positions equals 1.9 x 10” and 1.63 x 10e3, 
respectively. We have found 5 sequences matching 4, and 6 
matching 5 diagnostic positions in the analyzed set of 94 
Ah-S sequences. These 11 sequences are arbitrarily defined 
as a “c” branch of the S subfamily. AfIer segregation of the 
b and c branches, the remainder of the A1u-S subfamily is 
referred to as an “a-branch.” Preliminary analysis of 71 Alu 

elements from this branch revealed the presence of 16 
sequences containing simultaneously thymine at position 244 
and adenine at position 272, as opposed to C-244 and G-272 
in the remaining 55 Ah sequences. In addition, 14 of the 
above 16 sequences contain an extra adenine in position 244. 
This suggests that the A/u-a branch may contain at least two 
different types of Ah sequences and it can tentatively be 
replaced by “d” and “e*’ branches containing 16 and 55 
sequences, respectively. 

As illustrated in Table 2 and Fig. 1, the base preferences are 
quite similar between Alu-b and Alu-c sequences up to 
position 88. Further on, Ah-c remain similar to Afu-a with 
the exception of guanine at position 163. Therefore, the c 
branch can be viewed as an intermediate between the a and 
b branches of the S subfamily. A unique feature of the c 
sequences may be the presence of adenine at position 74. Gf 
the 125 Alu sequences only 8 contain A-74 of which 7 belong 
to the Alu-c branch defined above. The eighth Ah sequence 
containing adenine at position 74 (HUMPOMCl) has all the 
Alu-c features listed in Fig. 1: deletion at 64 and 65, A-78, 
T-88, and G-163. Therefore, it can also be considered as an 
Ah-c sequence. 

Based on the analysis of phylogenetic trees, other authors 
(6) have recently identified the Afu-b branch as a “subfamily 
of the Ah family.” The authors have pointed out differences 
between the Alu consensus and the Alu-b sequences at 
positions listed in Table 2 as well as in Fig. 1 and at other less 
characteristic positions not included in our analysis. 
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7SL 
Alu-cons 

7SL 
Alu-J 
Alu cons 
Alu-c 
Alu-b 

7SL 
Ah-J 
Alu cons 
Alu-c 
Alu-b 

7SL 
Alu-J 
Alu cons 
Alu-c 
Alu-b 

7SL 
Alu-J 
Alu cons 
Alu-c 
Alu-b 

7SL 
Ah-3 
Alu cons 

7SL 
Alu-J 
Alu cons 

1 15 16 30 31 45 
-GCCGGGCGCGGTGG CGCGTGCCTGTAGTC CCAGCTACT-CGGGAG 
GGCCGGGCGCGGTGG CTCACGCCTGTAATC CCAGC-ACTTTGGGAG 

46 60 61 75 76 90 
GCTGAGGCTGGAGGA TCGCTTGAGTCCAGG AGTTC....CCAGCC 

gt cc 
GCCGAGGCGGGZGGA TCACCTGAGGTCAGG AGTTCGAGACCAGCC 

-- (A) A T 
-- A T 

91 105 106 120 121 135 
TGGGCAACATAGCGA GACCCCGTCTCT 

G a g 
TGGCCAACATGGTGA AACCCCGTCTCTACT AAAAATACAAMATT 

T C 

136 150 151 165 166 180 
-GCCGGGCGCGGTGG CGCGTGCCTGTAGTC CCAGCTACTCGGGAG 

AGCCGGGCGTGGTGG CGCGCGCCTGTAifTC CCAGCTACTCGGGAG 
G 

G G 

181 195 196 210 211 225 
GCTGAGGCTGGAGGA TCGCTTGAGTCCAGG AGTTCTGGGCTGTAG 

G G C 
GCTGAGGCAGGAGAA TCGCTTGAACCC:GG AGGCGGAGGTTGCAG 

G R C 

226 240 241 255 256 270 
TGCGCCTGTGA... .G CCACTGCACTCCAGC CTGGGCAACATAGCG 

T 
TGAGCC-GAGATCGCG CCACTGCACTCCAGC CTGGGCGACAGAGCG 

271 285 
AGACCCCGTCTCT 

C 
AGACTCCGTCTCAAA AAAAA 

Frcz.1. Consensus sequence for 125 Ah sequences and the homologous regions of human 7SL DNA. Major and minor characteristic bases 
for other types ofAIu sequences are printed in capital and lowercase letters, respectively, and correlate with the analysis in Table 1. Dots indicate 
sequence regions absent from 7SL DNA but present in the Ah family. The remaining ‘ISL-spcciftc sequences are not shown. Dashes under 
positions 64 and 65 indicate bases missing in Alu-b and Alec seauences. Additional characteristic positions not listed in Table 2 are put in 
parentheses. 

The diagnostic position 78 (Table 2) is in the middle of the 
stretch 77-79, which can pair with base 87-89 containing 
another diagnostic position 88. Bases 77-79 are within the 
polymerase 111 promoter region (bases 74-86 in Fig. 1). 
Correlation between occurrences of complementary bases at 
positions 78 and 88 suggests the possibility of a weak 
secondary interaction in this region. Another potential for 
secondary interaction, already proposed for 7SL RNA (7,8), 
exists between complementary bases 69-75 and 89-95. This 
region includes 3 of the 15 positions distinguishing between 
the J and S subfamilies and the complementarity is conserved 
throughout the Alu family. The only AC mispairing has been 
found in this region in the Aluc sequences. The role of the 
above hypothetical structures is not clear, although their 
location suggests involvement in Alu transcription. There is 
also a possibility of a secondary interaction between bases 
244 and 245 and bases 271 and 272 that includes bases at 
positions diagnostic for putative d and e branches of the Ah 
family discussed above. 

Table 3 indicates that the average overall similarity be- 
tween Alu-J and the Alu consensus sequence in nondiag- 
nostic positions is lower than the average similarity between 
Alu-S and the Alu consensus. This indicates that on average 
Alu-J sequences are more diverse than Alu-S sequences. By 

t test, one can find that differences between Alu-J/consensus 
and Al&/consensus similarities are statistically significant 
(P << 0.081). The conclusion holds true even if the general 
Alu consensus is replaced by the Afu-J consensus (data not 
shown). There is also a significant difference (P < 0.001) 
between analogous numbers for a and b subdivisions of the 
Alu sequences. The differences between Alu-b and Aluc 
sequences are marginally significant (P < 0.05), and analo- 
gous differences between Alu-a and Aluc are insignificant. 

As pointed out before (4). CpG doublets undergo rapid 
mutations in Alu sequences. This may result from a deami- 
nation of methylated cytosine (for a review, see ref. 9). 
Average CpG content is lowest in the J subfamily (3.84 r 
2.01) as compared to analogous numbers for Alu-a (7.75 k 
2.95), A/u-b (16.08 + 5.01). andA1u-c (9.54 2 3.75) branches 
of the S subfamily. Significance levels for the differences in 
the CpG content are virtually identical to those for the 
similarity differences discussed in the preceding paragraph. 

DISCUSSION 
Given the similarity between Alu-J and 7SL RNA sequences 
in the diagnostic positions, the large intra-subfamily diversity 
and the low CpG content, we find the J sequences to be good 
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Table 2. Base preferences in Ihe S subfamily branches 

Consensus Branches Frequency of 
position of Alu T C A G (-) 

78 0 

88 G) 

95 (C) 

100 m 

153 (C) 

163 (A) 

197 (C) 

219 (G) 

20 41 1 1 8 
0 0 0 0 11 
0 0 0 0 12 

62 3 3 0 3 
4 0 0 0 7 
4 0 0 0 7 

67 0 4 0 0 
1 0 9 1 0 
0 0 12 0 0 
2 1 2 65 1 
9 0 1 1 0 

11 0 1 0 0 
2 68 1 0 0 
2 9 0 0 0 

12 0 0 0 0 
66 1 2 1 1 
7 4 0 0 0 
1 10 1 0 1 

10 35 1 24 1 
5 1 0 5 0 
0 1 0 11 0 
1 0 53 17 0 
1 1 1 8 0 
0 0 1 11 0 

15 50 2 4 0 
3 6 1 1 0 
0 0 0 12 0 

65 3 2 1 0 
10 0 1 0 0 
1 0 4 7 0 
0 1 2 64 0 
0 1 0 10 0 
0 11 0 0 0 

(-), Alignment gaps. 

candidates for the early Afu elements derived from the 7SL 
RNA (1). The base differences in the diagnostic positions and 
the linker regions may be important for understanding how 
this transformation occurred and are good targets for exper- 
imental analysis. On the other hand, the least diverse Ah-b 
sequences can be viewed as a relatively young branch of the 
Ah family. There are three published examples of Ah 
sequences that are believed to be inserted relatively recently 
on the evolutionary time scale: in the a-satellite DNA of 
African green monkey (lo), in the gorilla &globin gene 
cluster (11). and at the Mlvi-2 locus of human cell lymphoma 
(12). All these Ah sequences belong to the b branch defined 
above. 

While this paper was in review, other authors (13) reported 
on a subdivision of the Ah family into three different 
subfamilies corresponding to our J subfamily and two 
branches (a and b) of the S subfamily. These two branches, 
as well as the branch c, are virtually equally different from the 
J subfamily of Ah sequences and similar to each other in the 

Proc. Natl. Acad. Sci. USA 8S (1988) 

Table 3. Average overall similarities with the Alu 
consensus sequence 

Gaps as 
mismatches Gaps excluded 

Ah type Mean SD Mean SD Total 
AU 83.88 5.63 86.39 4.38 125 
J 79.20 4.35 82.83 2.27 31 
s 86.59 3.39 88.75 1.98 94 
a 86.52 3.26 88.59 1.79 71 
c+b 89.20 4.14 91.15 3.08 23 

E 
87.04 4.25 89.45 2.87 11 
91.22 2.92 92.71 2.45 12 

Sequence alignments have been made by using the computer 
algorithm (2). The diagnostic positions have been excluded from 
similarity calculations. 

diagnostic positions from Table 1. Therefore, we consider 
them as members of the S subfamily. The authors draw their 
conclusions from analysis of pairwise difference distribution 
among Alu sequences involving both the diagnostic differ- 
ences discussed in this paper and a mutational noise. Our 
analysis is based on multiple sequence comparisons, which 
permits more rigorous distinction between diagnostic and 
background differences. With this level of resolution we are 
able to classify each Alu sequence individually. This, and the 
analysis of the CpG content discussed in the accompanying 
paper (14), opens a way to date the invasion of individual 
genes by different types of Ah sequences and of genetic 
rearrangements associated with this process. 

We thank Donald Faulkner for professional computer assistance 
and Roy B&en, Douglas Brutlag. Teny Friedemann, David Kristof- 
ferson. and Randall Smith for critical and useful comments on the 
manuscript. 
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Multiple aligned sequence editor 
(USE) 

Donald V. Faulkner and Jerzy Jurka 

Cognitive capacities of the human 
brain can not, so far, be matched by 
computers. Even well optimized com- 
puter programs have limited flexibility 
in addressing the variety of problems 
associated with sequence analysis. 
Hence, we were motivated to design a 
Multiple Aligned Sequence Editor 
(MASE) which combines manual 
sequence manipulations with standard 
computer analysis. An earlier article in 
TIBS described the adaptation of stan- 
dard word processor software for a 
similar purpose’. 

MASE can be used for editing any 
set of sequences. The total number and 
size of sequences that can be edited 
simultaneously depends on the com- 
puter (typically. the total number of 
characters should not exceed 1 x 106). 
Sequences can be displayed on the 
screen in two windows, each of which 
can be moved either independently or 
concurrently. An example of the 
sequence display is shown in Fig. 1. The 
window sizes depend upon the type of 
terminal used. A standard VT100 ter- 

D. V. Faulkner is or rhe Dono-Farber Cancer 
lnstirure, 44 Binney Sweet. Boston, MA 02115. 
USA. and 1. Jurko is OI Bioner. 700 Eosr El 
Camino Real, Mounrain View, CA 94040, USA. 

minal can display 21 sequences per 
screen, with 25 characters in each 
window. Any terminal size and type 
which supports full screen editing can 
be used by writing a UNIX termcap 
entry. MASE can be run on computers 
with the Berkeley UNIX operating 
system. 

Intrinsic functions 
MASE provides over 80 intrinsic 

functions, each of which can be selec- 
ted with few key strokes from a menu 
by calling the function COMMAND- 
MODE(:). Individual functions can 
also be fixed to different keys on the 
keyboard using the BIND function, 
and this assignment can be stored in a 
separate file and loaded whenever the 
sequence editor is used. A short defini- 
tion of each intrinsic function can be 
called up using question-mark key. Full 
on-screen HELP and a tutorial are also 
available. The intrinsic MASE func- 
tions can be divided into the following 
basic groups: (1) moving cursors and 
searching for patterns; (2) modifying 
the sequence data; (3) changing the 
sequence display without affecting 
input/output files; (4) window manipu- 
lations; (5) sequence analysis; (6) 
modifying MASE behaviour; (7) mis- 

cellaneous, and (8) generation of for- 
matted output. In this short article we 
will outline only some of the capabili- 
tiesof these functions. 

Primary modifications of the 
sequence data involve insertions/ 
deletions of alignment gaps in individ- 
ual sequences or in the whole set. This 
permits the alignment for maximum 
similarity. One can begin with totally 
unaligned sequences or use an output 
from any sequence alignment program 
as a starting point. However, the for- 
mat of the pre-aligned sequences must 
be as described below under the 
‘Sequence data files’ and in the MASE 
manual. The on-screen alignment can 
be facilitated by changing the sequence 
display, for example by highlighting 
conserved sequence patterns, hydro- 
phobic/hydrophilic residues, etc. (see 
Fig. 2). One can also easily emphasize 
differences between aligned sequences. 
The sequences can be rearranged arbi- 
trarily to facilitate direct by-eye com- 
parisons. Furthermore, the window 
display permits any two columns of 
characters be placed next to each other 
(e.g. columns45 and 71 in Fig. 1). 

Sequence analysis involves on- 
screen computation of consensus se- 
quence, identity matrix, column com- 

Vu&r Locus Name 
1 KlHlRG 
2 KlHUQU 
3 KlHUBI 
4 KlHWR 
5 KlHUDE 
6 KlHUEU 
7 KlHL&L 
8 KlHUHU 
9 KlHUKR 

10 KlHUKU 
11 KlHULY 
12 KlHIJW 
13 KlHURE 
14 KlHlRY 

Dffset frua stst 

1 45 71 ii5 
-DIQMTQSPSSLSASVGDRVTIT~DINHYLtUYWW;PKKFIP D~#FTI~C~CPEDI~~DTLPRTFUW;TKLEIKR~ 
DIQllTQSPSSLSASVGDRVTITCQASaDISDYLHSYOMBGWlPK FTFrIssLWEDIflTYYcwYDYLPuTFGcGn<vEIKw 
DIC!HTQSPSPLSFISVGDSVTITC(YISPDIRNSLIUY~ FWXiSLWEDFMYYCWWYTF~~IKRl 
DICPlTQSPSTLSRSVGDRVRITCRRSQNISSMLMWKFWXX FTLTISSLZPBBFA~GPGTKVDIKRl 
B-IZHTQSPSSL%SVGDRVTITCXiXQS~~ DFTLTISGLLfQFCITWCWSYTT YTFGPGTKvENTRl 
DIC!llTCEF’STLSRSVGDRVTITCf#SQSINllUWf~ FlLTISSLWDDFATYYCWNS 

-ii!iKKz DIOMClSPSSLSFlm;DRVTIICRFISQCIRNDLTUY~ FTLTISSLPEDFMYYCLP 
DIQtlTQSPSSLSRSVGIRVTITCRWlSISSYL%YQ@W#Q FTLTISSLW’EDFFlTYYCWNYITPTSFUXJRVEIKF!l 
DI-QHTQSPSTLSVSVGDRVTITCERSQTVLSYLrUYQQKPQW BFlFTISSVZF’ZBFClTYYCPlFGClGTKVRKRl 
DIC!~~T@PSTQPIWGDRVTITCR~~SQSINI~~ FlLTINSLLH’DDFFllYYCCQYSi?YPYTFGQGTKLDIKRl 
DICRlTQSPSSLSVSVGDRVTITCQfi~~ fTFTISSLQPEDIATYYCOQYMYPPTFCaCT 
DIWRSf’SSLSFlSVGBRVTITCRRSZTISSYLBWLa6a FTFTISSLzPzBFATYYrzSYSSPTTFCwIKRl 
DIWlTQSPSSLSITCQRSQDIIKYLHPIWTPU(FIP DYTRISSLPPEDIFlmCWWSLWTFGWKLC!IT 
DICWTQSPSSLSASVGDRVTITCCRSQDISIFLWCWPGw DFlFTIS%lPEDIb MYCWFaUTTFC 

A, ignoring gaps 72 
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lumbr Locus Name 
1 KlHUAG 
2 KlHUAU 
3 KlHUBI 
4 KlHUAR 
5 KlHUDE 
6 KlHUEU 
7 KlHUGL 
8 KlHUHU 
9 KlHUKFl 

10 KlHUKU 
11 KlHULY 
12 KlHUOU 

lffset from start 1, ignoring gaps 0 

Fig. 2. A sequence display from MASE with T and S highlighted. 

position and search for compensatory 
mutations using COLUMN-COR- 
RELATION function. COLUMN- 
COMPOSITION permits analysis of 
base/amino acid frequencies at homol- 
ogous sequence positions. COLUMN- 
CORRELATION lists the total num- 
ber of simultaneous and non- 
simultaneous base differences between 
the aligned sequences in any two 
sequence positions. Each sequence can 
be compared either to a reference 
sequence (order independent), or to 
its nearest neighbor (order depen- 
dent).The probability of simultaneous 
and non-simultaneous base variations 
in the whole set is evaluated using the 
binominal formula. The COLUMN- 
CORRELATION function has 

recently been used for secondary struc- 
ture prediction and classification of 
human Alu sequences2. 

Sequence data files 
Each input file contains one or more 

sequences. A sequence can contain an 
indefinite number of comment lines, 
each having a semicolon in the first 
column. The first line without semi- 
colon contains the locus name which 
can not exceed 20characters and this is 
followed by the sequence information 
lines each not exceeding 95 characters 
in length. After insertion of alignment 
gaps the modified sequence set is stored 
in the same input format. Aligned out- 
put file can be created by a separate 

OUTPUT-ALIGNED function. Line 
length, number of lines per page, pos- 
itions of vertical and horizontal gaps, 
all depend upon the chosen output 
format. 

Program availability 
By the end of this year MASE will be 

made available on-line for the Bionet 
community. Other non-profit users can 
obtain the source code for editor writ- 
ten in C and MASE manuals from: 
Susan Russo, MBCRR, Dana-Farber 
Cancer Institute, 4-4 Binney Street, 
Boston MA 02115, USA. Tel. (617) 
732-3746. 
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Small cytoplasmic Ro RNA pseudogene and an Mu repeat in the human a-l globin gene 

Jcrzy Jurka. Temple F.Smith’ and Damian Labudd 

Bionet. 700 East El Cammo Real. Mountain View, CA 94WO. ‘Dana-Farber Cancer Insntute, Harvard 
University. 44 Binney Street. Boston. MA 021 IS, USA and zMedical Genetica. Hopttal Sainte-Justtne. 3175 
Cotc SainteCattwme. Montreal. Quebec H3T ICY. Can& 
Submttted November 6. 1987 

The 5’-end of the previously studied Ah repeat from the al -globin gene (1) is flanked by a 
sequence 80% similar to one of the full length human small cytoplasmic Ro RNAs (Fig. 
la), denoted as HY3 (2). This is the first known example of a pseudogene for the Ro 
scRNA. Only a few such pseudogenes are expected to exist in the human genome (2). The 
pseudogene location next to the Ah sequence may suggest physical interactions between 
HY3-like RNA and the Ah RNA prior to the reverse transcription. The 3’-flanking region 
of the previously studied fuIl size Alu repeat is another unreported Alu sequence truncated 
at the Eco RI restriction site (Fig. lb). In vitro transcription of the region analysed (1) gave 
four RNA fragments. One of them, 86 nt long, is synthesized from the short class III 
transcriptional unit located on the S-side of the Ah repeat (3). This location coincides with 
the location of the HY3-like DNA sequence. 

promoter? GTGG-CNNAGTGG 
HY3 GGCTGGTCCGAGTGCAGTGGTGTTTACAACTAATTGATCACAACCAGTTA 50 

*t***tt, **if*****,* l l t*tt+t,t**t*t*tt* *t*ttt*tt 

3’-al GGCTGGTTGGAGTGCAGCGCTTTTTACAATTAATTGATCAGMCCAGTTA 52 
(a) 

HY3 CAGATTTCTTTGTTC~TT~T~~ACT~CCA~T~TTCACTTGA~T-AGCCTTT 101 
,t/**t* I, *tt******t*ttt*,,******** tt**** ***r* 

3'-al TAAATTTATCi iTTTCCTTCTCCACTCCTGCTGCTTCAGTTGACTAAGCCTAA 104 

promoter GTGGCNNAGTGG 
AlU GGEGGGCG'XGTGG-CTCACGCCTGTAATCCCAGCACTTTGGGAGGCCG 49 

l *,,****,*,**** **t****ttttt**t*ttt**********,***, 

3’-al GGTTGGGCACAGTGGCCTCACGCCTGTAATCCCAGCACTTTGGGAAGCCA 471 
(b) 

promoter GGGTTCGANNCC 
Ah AGGCGGGCGGATCACCTGAGGTCAGGAGTTC 80 

l **,****,****** ,*t*******,t+t 

3’-al AGGTGGGCAGATCAC--AAGGTCAGGA%TTC so0 

Fig. 1. (a) Sequence alignment between HY3 (2) and the comsponding 3’-al-globin region (1). Putative 
p~lyt~ter~e II1 pmmoter is indii (I?) Genomic Alu consensus (4). aligned 10 the 3’-al-giobin sequence at 
positions 423-500. Promoter boxes (5) 81c indicated. Sequences and numbering of the 3’-al-globi region 
are identical lo those in (1). Exact matches (*). purine-putinJpyrimidine-pyrimidine replacements (I). and 
gaps (-) ate indicated in both alignments. 

(1) Shen, C.-K.J. and Maniatis, T. (1982) J. Mol. Appl. Gen. 1, 343-360. (2) Wolin, 
S.L. and Steitz, J.A. (1983) Cell 32, 735-744. (3) Hess, J., et al. (1985) J. Mol. Biol. 
184, 7-21. (4) Schmid. C.W. and Shen, C.-K.J. (1985) in Molecular Evolutionary 
Genetics (McIntyre, R.J. ed.). pp. 323-358. Plenum Publishing. New York. (5) Fowlkes, 
D.M. and Shenk. T. (1980) Cell 22.405-413. 
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EVOLUTION OF HUMAN ALU REPEATS: IMPLICATIONS FOR 
GENOME S UDIES 
J. Jurka T and R.J. 2Britten, 21 Bionet, Mountain 
View, California; California Institute of Tech- 
nology, Pasadena, California. 

The human Alu family of repeated sequen- 
ces contains at least five different subfamilies 
referred to as Alu-b,c,d,e and j which are arran- 
ged according to their position on the evolutio- 
nary time scale from the most recent, Alu-b, to 
the oldest, Alu-j, subfamily. This is identified 
by computer analysis of the correlated, subfamily 
-specific nucleotide occurrences in a number of 
the diagnostic Alu sequence positions. A sPecia- 
lised sequence editor has been developed to pur- 
sue these studies. 

Members of each subfamily show different 
nucleotide preferences in the diagnostic Alu 
sequence positions.which can easily be identified 
Another characteristic feature of different sub- 
families is a systematic difference in the CpG 
content from an average 16.08 per sequence in 
Alu-b to an average 3.84 per sequence in the 
Alu-j subfamily. It is proposed that subsequent 
generations of Alu subfamilies have been trans- 
cribed from different CpG-rich source genes. The 
genes presumably have replaced each other during 
the evolutionary history of primates. Once inte- 
grated into the genome, a copy of the source gene 
is no longer under selective pressure to maintain 
the original CpG content of the source gene. 
Therefore, 
mination 

one can observe a time-dependent eli- 
of CpG from Alu sequences. 

The classification of Alu repeats, based 
on the diagnostic base differences and the cpG 

"decay) provide a method to date both the invasion 
of individual genes by Alu elements and the 
genetic rearrangements associated with this 
process. 



STUDIES ON RAT LIVER CYTGCHROMES P450 USING 
COMPARATIVE SEQUENCE ANALYSIS 

1 1 2 
Elzbieta Holsztynska , David J. Waxman and Jerzy Jurka 
(1) Department of Biological Chemistry and Molecular Pharmacology, 
Dana-Farber Cancer Institute, Harvard Medical School; (2) Bionet, 
National Computer Resource for Molecular Biology. 

Currently, about 70 full-length sequences for cytochrome P-450 from 
9 eukaryotic species and one prokaryote are available. The 
crystallographic model of bacterial cytochrome has been reported 
(Poulos et al., 1987, J. Mol. Biol. 195,687) and has been used as a 
reference to evaluate our structural predictions using a variety of 
theoretical and computer methods. Postulated regions of potential 
structural-functional importance in P450 PB4(IIBl) include: (1) 
combined membrane insert halt-transfer signal residues; (2) sites of 
interaction with cytochrome b5 and CAMP-dependent kinase; (3) 
internal halt-transfer sequence; (4) large hypervariable region; (5) 
predicted dioxygen binding site; (6) NADPH-P450 reductase 
interaction site; (7) conserved region and (8) axial cysteine heme- 
binding region. We used Multiple Aligned Sequence Editor (Faulkner 
and Jurka, 1988, TIBS, in press), to elaborate a synthetic model 
correlating sequence variations in homologous positions of the 
aligned set with the functional map as well as with predicted and/ or 
reported structural features. Results of this study will be presented. 

(Protein Sot. Meeting, San Diego, August 1988) 



Locating Amino Acid Patterns in Proteins by Composition 
Sunil Maulik 

BIONET c/o IntelliGenetics, Inc., 700 E. El Camino Real, Mountain View, CA., 
94040. 

It is known that the amino acid composition of a protein plays a major role in 
determining its folded state [l]. A fundamental pattern-matching problem in 
protein analysis is that of finding sequences (or sub-sequences) given certain 
compositional criteria only. For instance, one may wish to find all regions of 
unspecified length >20% proline and >30% glycine residues in a (say) 500 
amino acid peptide sequence. A related problem may be to find all 
hydrophobic regions (~50%) in a protein. An algorithm has been developed that 
will scan a sequence and find sub-sequences (of any length) satisfying given 
compositional criteria. The implementation of this algorithm, termed RICH, is 
near completion and will be available soon on BIONET. Uses of the RICH 
program might include finding hinge structures in immunoglobulin sequences 
(known to be rich in proline and cysteine residues [2] ); or verifying if a protein 
satisfies the PEST hypothesis [3] i.e. if its half-life is related to the 
compositional content of P (proline) E (glutamic acid) S (serine) and T 
(threonine) residues. 

References: 
1. Sheridan RP, et al.,(l985) Biopolymers 24: 1995-2003 
2. Huber R and Bennett WS (1987) Nature 326: 334-335 
3. Rogers S Wells R and Rechsteiner M (1986) Science 234: 364-368 
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Protein databases and software on BIONET 
Sunil Maulik 
BIONET c/o IntclliG~netics incorporated, 700 East El Camino Real, Mountain, View, CA, 94040 USA 

Abstract. BIONET provides databases, software, and ne- 
tworking/communications tools to over 2500 molecular bi- 
ologists worldwide. Software for the analysis of nucleic acid 
and protein sequence data is provided by both IntelliGenet- 
its. and academic contributors. BIONET is currently imple- 
menting dedicated high speed servers for searching protein 
databases, as well as providing more flexible tools for pro- 
tein structure recognition and prediction. In this review, 
protein databases and analysis software available on the 
BIONET resource are described, and progress in providing 
new tools for structure prediction, comparative sequence 
analysis, and pattern recognition using Artificial Intelli- 
gence (AI) techniques are summarized. 

file-transfer capabilities to any host computer on the AR- 
PAnet and to a large number of Internet hosts on Bitnet, 
Usenet, CSnet. etc. This extremely high level of connectivity 
has facilitated both communication and collaboration be- 
tween scientists worldwide. As an example, Dr. M.M. 
Teeter of Boston College (Teeter@ bcchem.Bitnet) main- 
tains a database of the electronic mail addresses of protein 
crystallographers throughout the U.S. and Europe. This 
database is accessible on BIONET for use with the MM 
mail software. 

What is BIOSET? 

BIONET is a national computer network for molecular 
biologists and biochemists. It is a non-profit resource 
funded by a co-operative agreement between the NIH. Divi- 
sion of Research Resources and IntelliGenetics. of Moun- 
tain View. California (No. 5 UJl RR01865-06). BIONET 
provides access to biological databases. software for analyz- 
ing the data. and communication and networking tools for 
the distribution of data. software. and computing resources. 
BIONET maintains databases and software for both nucleic 
acid and protein analysis. This review covers the protein 
analysis component of BIONET only. 

An annual subscription fee of S400 allows academic or 
non-profit users unlimited access fo the BIONET computer 
(a DEC-2065 time-shared mainframe, with additional net- 
work access to a Sun 31280 database server and a micro- 
VAX) including payment of telecommunication costs. Ac- 
cess limited only to the communications facilities is also 
available. International users are waived the subscription 
fee. but are required to pay their own telecommunication 
costs. Over  750 laboratories are currently subscribed to 
BIONET from the U.S., Europe, and Japan, corresponding 
to over 2500 researchers. 

BIONET is using its extensive networking and commu- 
nications facilities fo maintain a number of electronic bulle- 
t in-boards (BBoards) dealing with different aspects of mo- 
lecular biology. These BBoards are distributed throughout 
the world. Messages are exchanged with the SEQNET 
BBoard in Europe (SEQNET is BBoard service run by Drs. 
Michael Ashbumer and Martin Bishop of Cambridge Uni- 
versity), and are received as far away as Israel. Korea, 
Taiwan, Australia, and even the U.S. research station in 
Antarctica! Recently, BIONET helped initiate and partici- 
pated in the formation of the worldwide BIOSCI BBoard 
network. Of particular interest to scientists uorking with 
proteins are the PROTEIN-ANALYSIS and METHODS- 
AND-REAGENTS BBoards. The former is moderated by 
Amos Bairoch of the University of Geneva (Bairoch@ cgec- 
mu51.Bitnet) and deals with such topics as protein chemis- 
try, sequence analysis. and structure prediction. The latter 
is an all-purpose BBoard for nucleic acids and proteins. 
and contains requests and data on topics such as codon 
usage tables, peptide synthesizers, cDNA libraries, anti- 
bodies, and protein engineering/site-directed mutagenesis. 

Protein databases and software 

BIONET is directly connected to Telenet and Compu- 
Serve which provide 24-h access to the BIONET computer 
via a local telephone call from most cities in the United 
States. These networks allow scientists in Europe and Japan 
to access BIONET using international carriers such as Eur- 
onet, Datax-P. Transpac, and Venus. BIONET is also di- 
rectly connected to the ARPAnet which provides mail and 

BIONET provides the Protein Identification Resource 
(PIR) protein sequence database [l], the SWISS-PROT pro- 
tein sequence database distributed by the European Molec- 
ular Biology Laboratory (EMBL)(Z], and the KeyBank’” 
database of protein (and nucleic acid) sequence patterns 
(provided by IntelliGenetics). KeyBank’” contains protein 
and DNA consensus sequences (motifs) described using the 
QUEST programs pattern language (31. Thus. at a single 
resource information at several levels of biological function 
are immediately accessible to the researcher. IntelliGenetics 
provides a suite of programs that readily access information 
in these databases. The IFIND program will rapidly search 
a query sequence against any sequence databank utilizing 
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the algorithm of Wilbur and Lipman [4]. report similarity 
scores. and display optimized alignments between the query 
and similar database sequences. The QUEST program can 
also search any sequence databank with a given sequence 
pattern and locate exact matches of that pattern to se- 
quences or subsequences in the database. QUEST may also 
be used in conjunction with the predefined patterns in Key- 
Bank’” to locate particular subsequences (for instance, sig- 
nal sequences) within a given sequence of interest. 

Sequences located by either IFIND or QUEST may be 
simultaneously aligned by GENALIGN. a multiple se- 
quence comparison program utilizing the regions method 
of Martinez [q. GENALIGN will align up to 49 protein 
or nucleic acid sequences simultaneously. The program al- 
lows the user to choose between several different amino 
acid “alphabets” when comparing protein sequences, in- 
cluding the Jimenez-Montano and Zamora-Cortina alpha- 
bet of evolutionary similarity [6], the Miyata alphabet of 
physico-chemical similarity [7l, a hydrophobic-hydrophilic 
alphabet, or a hydrophobic-neutral-hydrophilic alphabet. 
In addition. users haveil flexibility to create and use their 
own amino acid alphabets. 

IntelliGenetics’ PEP program allows the user to perform 
various analyses on peptide sequences. These include sec- 
ondary structure predictions by the Chou-Fasman algo- 
rithm [El, and hydropathicity calcuations using the Hopp- 
Woods [9] or Kyte-Doolittle [lo] procedures. In addition, 
PEP can simulate chemical cleavage by a variety of pro- 
teases and chemical treatments (a database of eight com- 
mon proteases and live forms of chemical cleavage exist 
within the program’. and users can add or create their own 
database), determine amino acid composition. molecular 
weight. and p!. The program also performs rapid and rigor- 
ous similarity comparisons between peptide sequences. (The 
former using a modified [ll] version of the Kom-Queen- 
Wegman algorithm [12], and the latter using the Needle- 
man-Wunsch algorithm [13] as modified by Smith-Water- 
man [ 141.) PEP determines reverse translations using codon 
preference tables followed by restriction site mapping and 
splicing functions. Finally, PEP also contains a generalized 
“window” algorithm. that allows users to define any char- 
acteristic pattern in a sequence that can be determined using 
a moving weighted average (either arithmetic or geometric) 
over the sequence. For example, the window function in 
PEP may be customized to predict the existence of mem- 
brane-associated alpha-helices using the algorithm of Rao 
and Argos [15]. 

In contrast to the other programs in the IntelliGenetics 
suite, the SIZER program does not deal directly with K- 
quence data, but instead may be used to calibrate gel elec- 
trophoresis bands against given standards, SIZER can use 
either the Duggleby [16]. Southern [17], or spline [18] meth- 
ods of curve fitting. SIZER may be used with either protein 
or nucleic acid gel fragment data. 

In addition to the IntelliGenetics suite of programs for 
nucleic acid and protein sequence analysis, BIONET pro- 
vides selected software from academic researchers. Contrib- 
uted programs that deal with various aspects of protein 
analysis currently on BIONET include: 

’ The protcaxs arc: trypsin. chymotrypsin. pepsin. thermolysin. 
clostnpain. Staphylococcal proteax, Myxobacter protease, and 
proendopeptidax. The chemical treatments are: cyanogen. bro- 
mide. hydroxjamine. iodosobenzoare, pH 2.5. and iodoacetamide 

(i) FASTP. which utilizes the algorithm of Lipman and 
Pearson 1191 to implement rapid and sensitive similarity 
searches of the PIR or SWISS-PROT protein databanks 

(ii) The PROT3 [20], ALP3 [21] and XALIGN 1221 pro- 
grams for multiple sequence alignment of protein sequences 

(iii) The XPROF program for the prediction of protein 
hydropathicity using Rose’s algorithm [23] 

(iv) The IDEAS suite of structural programs [24] including 
DELPHI (secondary structure prediction by Robson’s 
method [ZS], HPLOT (distribution of hydrophobic and 
charged residues using the Nozaki-Tanford [26] or Eisen- 
berg et al. [271 methods), HCOMP (comparison of hydro- 
phobicity profiles), and ALOM (prediction of membrane- 
spanning regions by disctiminant analysis [28]). 

(v) The DSSP program [29] for the determination of protein 
secondary structure from the Brookhaven Protein databank 
atomic coordinates. 

BIONET also creates software which promotes efficient 
use of the resource. Recent software additions include the 
BIFIND and BFASTP database interactive command-fi le 
generators. BIFIND and BFASTP serve to insulate naive 
users from the intricacies of performing database similarity 
searches. They prompt the user for sufficient information 
to perform the database search, display menus of the differ- 
ent databases. and use intelligent defaults for all other pa- 
rameters. They produce as their output command (batch) 
files, which, when submitted. instruct the appropriate data- 
base searching program (IFIND in the case of BIFIND. 
FASTP in the case of BFASTP) to run the searches as 
batch (remote) jobs. 

Sew directions 

An extremely rapid version of FASTP implemented to run 
on Sun workstations has been provided to BIONET by 
Dr. Warren Gish of U.C. Berkeley. Named FASTP-mail. 
it is accessible by sending an electronic mail message con- 
taining the query sequence to an IntelliGenetics Sun data- 
base-server. The program automatically reads the message 
and then proceeds to search the entire PIR database in 
as little as 30 seconds. It remails the search output (top 
20 scoring database sequences as well as optimized align- 
ments) back to the user. The implementation allows the 
user to proceed with other tasks on BIONET, or even log- 
off, while the search is taking place. 

BIONET is implementing a FASTA-mail program (that 
searches both the GenBank. EMBL nucleotide libraries and 
the PIR,‘SWISS-PROT peptide libraries). Thanks to a gen- 
erous equipment donation from Sun Microsystems, 
BIONET will be moving to a network of Sun workstations 
and file-servers during 1988. The new network will result 
in a greater than tenfold increase in the amount of total 
compute power available on BIONET. The implementation 
of dedicated database-servers on this network will become 
increasingly important as both the resource and the data- 
bases continue to expand. 

BIONET has initiated a collaboration with RIACS (Re- 
search Institute for Advanced Computer Science) to use 
the Connection Machine II (301 for database searches. The 
Connection Machine II is an example of a massively paral- 
lel architecture. BIONET intends to implement software 
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for rapid database similarity searches and large-scale se- 
quence alignments within this parallel environment. 

In the last fifteen years protein structure prediction has 
become an increasingly important research topic. There is 
a growing demand from the BIONET community for more 
flexible and accurate tools for protein structure prediction 
and analysis. BIONET intends to build upon its expertise 
in comparative sequence analysis [31] and to collaborate 
with outside experts on proteinstructure recognition, analy- 
sis. and prediction to rexarch and develop new tools in 
this field. Protein structure prediction by knowledge-based 
analysis requires as its starting point a database of structur- 
al knowledge [32] obtained from the analysis of known pro- 
tein structures. Rules inferred froni such a database are 
then combined with either pattern-matching [33] or multiple 
sequence alignment algorithms [34] to predict secondary 
structural elemenrs. and, optimally, a single tertiary struc- 
ture. If the protein sequence shares a substantial primary 
sequence similarity (> 50%) to a sequence of known struc- 
ture. multiple sequence alignment, followed by molecular 
modeling. generally allows a plausible structure to be built 
[35. 361. Even in the absence of known structure, predicted 
secondary structural elements, hydropathicity. chain flexi- 
bility, and evolutionary information combined in a multiple 
sequence alignment can provide increased accuracy in pre- 
dicting the fold of a protein [36-381. As obtaining optimal 
multiple sequence alignments algorithmically remains an 
unsolved problem. many researchers prefer the interactive 
alignment and analysis of sequences. A prominent example 
of software capable of such a task is the Multiple Aligned 
Sequence Editor (MASE) developed by Faulkner and Jurka 
[39], which combines interactive sequence manipulations to- 
gether with standard sequence analysis functionality. 
MASE runs on computers under the UNIX operating sys- 
tem. It will be available on-line later this year when 
BIONET moves to the SUN network. 

A complementary approach to protein structure predic- 
tion by comparative sequence analysis is one of pattem- 
matching. The QUEST program described earlier already 
provides one means of fmding sophisticated patterns in se- 
quences. Houever. to recognize structural features of pro- 
teins, more complex pattern searching tools are needed. 
A pattern language for protein structure (termed PLANS) 
has already been implemented [40]. An artificial-intelligence 
based program called MATCH has been written by R. 
Abarbanel. MATCH can tind elements of secondary struc- 
ture such as turns with better than 90% accuracy [33. 411. 
Tertiary structure predictions using both pattern-matching 
and combinatorial approaches are now being attempted [42, 
431. BIONET intends to make MATCH and other pro- 
grams developed for combinatorial prediction of protein 
tertiary structure available on the resource. Many of these 
p&grams result from the research of F.E. Cohen and I.D. 
Kuntz at UCSF [33. 40, 411 with whom BIONET intends 
to collaborate on disseminating research software tools. The 
programs as well as the knowledge-bases upon which they 
depend will be expanded to improve the accuracy of predic- 
tive techniques. 

A related pattern-matching problem is that of finding 
sequences (or sub-sequences) given certain compositional 
criteria only. For instance, one may wish to find all regions 
(of unspecified length) >20% proline and >30% glycine 
residues in a 500 amino acid peptide sequence. A related 
problem may be to find all hydrophobic regions (>50%) 

in a protein. An algorithm has been developed that will 
scan a sequence and find sub-sequences (of any length) sat- 
isfying given compositional criteria. The implementation. 
termed RICH. is in progress. (Details of the algorithm and 
its implementation will be described elsewhere.) Uses of 
the RICH program might include finding hinge regions in 
immunoglobulin sequences (known to be rich in proline 
and cysteine residues 1441); or verifying if a protein satisfies 
the PEST hypothesis [45], i.e., if its half-life is related to 
the compositional content of P (proline) E (glutamic acid) 
S (serine) and T (threonine) residues. 

Summary 

With efforts underway to sequence complete genomes, the 
number of actual and deduced protein sequences will in- 
crease rapidly. Sequence databases and software must be- 
come integrated with “higher order” databases (e.g., of 
protein structural characteristics). Suitable software must 
also be developed to link them together. BIONET already 
acts as a central repository for sequence databases, sequence 
and pattern searching software, and electronic media for 
the acquisition and dissemination of new biological infor- 
mation. Additionally, BIONET is actively pursuing re- 
search to create new algorithms to allow the functional 
characteristics of protein molecules to be deduced from 
their sequences. 
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III. BIONET Newsletters 
Copies of the two BIONET Newsletters are included in this section. 
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Automatic Dab Submission to Gen- 
Bank, EMBL, and NBRF-PIR 

BIONlZ users can conveniently submit 
sequence data using the XGENPUB pro- 
gram. XCENPUB helps to annotate and 
electronically submits sequence data to 
GenBank, the National Institutes of HeaIth 
DNA sequence libmry, EMBL, the nucle& 
tide sequena database from the European 
Molecular Biology Laboratory, and NBRF- 
PIR. the National Biomedical Reseaxh 
Foundation’s protein sequence databaw 

Sequence authors are encouraged to 
submit their sequence data once it has 
been derived. Direct computer-mdable 
author submissions decrease the time 
delay with which the data is incozponti 
into the databases and can improve the 
completeness and accuracy of the annota- 
tion and sequence data. 

XGENPUB is located on-line and can be 
accessed by simply typing “XGENPUB” at 
the system Q prompt. The program 
accepts sequence data in files from the 
authofs BIONET’ dimory and prompts 
the user for the name of the sequence tile 
and the sequence name. XCENPUB 
initiates an editor for completing a 
submission form and insats the sequence 
data at the end of the form. When the w 
exits from the session, the completed entry 
is automatically mailed to Genepnlc 
EMBL, and NBRF-PIR using the AR- 
PANFI’ computer network A copy of the 
submission will also be sent to the 
author’s mail file. Sequence data will be 
present in the databases within four 
months of submission. 

The vast rate of growth that datati are 
experiencing moves sequence submission 
responsibilities to the authors. Many 
journals are now requesting that their 
contributing authors submit the data One 
journal, Nucleic Acids Rcpatrcfi, nsquln6 
evidence that data have been submitted 
before it will consider a manuscript for 
review. The XCENKJB program providee 
BlONET users with a convenient method 
with which to fulfill their sequence 

submI6hK!splmallFuxtha 
information repniing XGENPUB may be 
Obhhdby viewingthe on4ine help topic 
HELPXGENPUB. 0 

Bfficient Database Searching 

Inmeff&toinc6ase&cientutiKzation 
OfthWSOurce,BiONEThuproduesd 
“GmmandFrlccena;rtorr” These 
progr8Inecrrotcafonnatted~of 
Pmgnm-for-OV 
ofthese4perlcadahbaaes6rchlng 
roftwamon BIONEI’. BIFIND, BFASIP, 
andBFASlNservetoinsulateurarl+om 
theintriuderoftheIFIND,FAsrpand 
FA!ZNdatabasesimkityreafihing 
prognma~chpromptsthewformlfK- 
dent infi3xmuion to perform the simikity 
~disptaysmaIusoftheWeraltda- 
tah6chok6,andw&lteuigmt 
defaultsforallother F----Y- 
produaasthelroutputoommuld(ktch) 
fK6,whi&whensubmltted,iIutnKtthe 
appropde database seaxhing prognm 
tonmthesearchasabatchorremotejob. 
The w may then safely log-off the 
BlONET system, knowing that the output 
ofthewseafihwillbestoredina 
filefors~tenalyslsoncethelYatch 
jLJbhrM.On-linchelpIZldShfor~Iltha 
pgXUtlSbytypingHELPfOUCtWdbythC 
Irrov- 

lheGIMUndF~Cenmtol%undago 
continusd development. As an example, 
BIFINDwilIsoonbeabletosaveBUTH 
mh and alignment msults. With the ad- 
vent of BIONEI”s new FA!Z’P-maiI data- 
baseserv6(thats6xhfstheentirePIR 
pt&l&hbWlkhUlitthS3OSSiOXdS- 
3Gtim6fasterthananyotherimpkmen- 
tationofFASTP),anewBFASIPisbeing 
implemalted,thatmakesuseofthisnew 
rava~WatchtiforaFASIN- 
nuKpmgranlapableof#udrirythe 
GmBank nudeicaddequencedaerbr# 
fiumorerapIdlythanprduslyapabk 
and a comspondIng new BFASIN pn+ 
w--o 

Revised Introduction to BIONIC 

InMay,arevisedversionoftheintru- 
duciontoBIONET willbesenttoalIofthe 
principal hestlgatom subsaii to 
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BIONET. The Introductfon to BIONET 
irthehandbooksenttonewsubsuii 
which provides basic information for 
accessing and using BIONEK 

The new version includes two new 
sectionswhichshouldbenefitusers 
greatly. A Troubleshooting chapter 
helpsuse!rsdlagnoseand solvecommonly 
ermxmmd tech&al problems. A 
“Progmn I&amptcr” appendix provides 
anmtated examplesof thirteen common 
biologial tasks and how the BIONET 
pplIUlMykUS?dtOSOlolvethUlL 
Manymorepnqmmexampleswillbe 
available In printed form when the new 
InteKiGenetics User Manual, described in 
a separate atick+ is distriiuted to 
BIONET usws this spring. 

. Revisions to the lnfmdlcction to BIONET 
include the addition of a step-bytep 

‘example of a BIONET us&s first login 
8ession Itcovaahowtoamnect,loginto 
the BIOm UIKIunt, read login messages, 
and get help. The chapter desuibing the 
BIONET programs now includes a com- 
plete list of the contributed molecular 
biology soHware that is available on-line 
or thmugh the BIONET Lending Library 
of diskettes. The chapter on databases has 
bS6leXplhdtOXfdleettheMWOrguri- 
Wlon of the databases as well as recently 
added databasee such as SWISS-F+RUT. 
Thlschapteralsod6aiithenew 
XGENPUB pmgrim which idlows eke 
tronic submiasion of sequena data and 
annotations to all of the principal daht- 
bases. Mivheffotihasbeengiventiin- 
C0rp0ratlng w suggestions fur changes 
into * new Intro. We hope that it allows 
userstospendlessti.meleaming,and 
mans time using the BIONET mso\~lcc o 



BIONET Communications Reach 
Worldwide 

The BIONET National Computer Resource 
for Molecular Biology is far more than 
merely a facility to analyze DNA sequent. 
In addition to its analysis software and 
molecular biology databases, the Resource 
offers aace8.s to powerful electronic commu- 
nications networks with worldwide scope 
Use of this facility is completely free to 
BIONFI account holders. 

BlONET maintains the most extensive 
network available of molecular biology 
ekctronic bulletin boards fbboardsl. Nine 
teen bulletin boards are maintained on the 
BIONET mainframe computer and copies of 
posted messages are read around the world. 
The BIONET bboards provide scientists with 
the means of contacting a large community 
of colleagues by simply sending a single 
electronic mail message. A detailed list of 
bboards can be seen on BlONlX by typing 
HELP BBLIST after the Q  prompt. 

BlONET bulletins are distributed via the 
ARPANET, BITNET, and USENEkomputer 
networks and can be received by scientists 
without BIONET accounts who have elec- 
tronic mail addresses on any of these 
nctworks.There is no charge for this service. 
Users on any of these networks can also post 
messages directly to any of these bboards 
without editorial intervention. One simply 
uses the address format 
BBOARDNAMEBBIONET-20ARPA. 
BIONET users can post messages to the 
bboards by simply entering the bboardname 
in response to the To: prompt when sending 
a message in the MM mail program. 

Copies of each message are automatically 
relayed around the world via our direct 
network contacts and through our message 
exchange agreement with the SEQNET 
bboard service in Cambridge, England. 
Messages are read by scientists in places as 
far away as Japan, Korea, Taiwan, Israel, and 
Australia. 

If there are many people working on a local 
campus computer at your institution who 
may be interested in partldpadng in the 
bboards, please have the person in charge of 
your computer facility contact 
kristofferson@bionet-2O.arpa. We can then 
arrange an efficient redistribution scheme at 
your site 

Electronic bulletin boards are just beginning 
to be discovered by the molecular biology 

community. Bboanis truly have the 
potential to revo1uti0niz.e the way that 
dence is done In this field! o 

Addressing Electronic Mail Outside 
bf BIONET 

Many BIONET users have colleagues with 
BlTNETor EARN (European Academic 
Rexarch Network) electronic mail ad- 
dressesandwonderhowtosendmailto 
them. The procedure is extremely simple, 
andtherearr,nochargesforsendingmail 
messages. One sends a message using the 
normal BIONET mail routine; only the 
address for the message is slightly 
different- Suppose that a colleague’s 
BITNET address is SMI’IHBYALEVM. 
Enter SMTH0YALEVM.B~ in 
reqmue to the To: prompt in the MM mail 
)xogram: 

MM>send 
To: smith@yalevm.bitnet 

TheprocedumisthesameforEARN 
addresses. SMRH@EMBLbecomes 
SMITHOEMBLEARN. Actually 
SMIlH@Eh4BLBITNET will also work 
for EARN addresses, since the two 
networks are eswntially the same. EARN 
is BITNET In continental Europ 

srne users have trouble addmssing mall 
to English addresses. The network used in 
England is called JANET (Joint Academic 
NETwork). Unfortunately, JANET ad- 
dressesarearrangedinreverse order of 
that used in many other countries, inchld- 
ingtheUS. To circumvent this problem, 
BIONET has implemented the .JANET 
address extension (properly termed a 
“pseudodomain”). To send to a JANET 
address mad30uk.ac.caabio, add 
JANET to the end of the address: 

mad3Ouk.ac.cambio.janet 
Note that case does not matter in mail ad- 

dresses. 

Fmlly, sometimes one encounters trouble+ 
some addresses that contain !‘r 
foop!roplnet@pri.com. what e”tt!k&J 
these addresses at the To: prompt, enclose 
the part of the address to the left of the 
einquotes. Enter. 

‘foopIropfnetVprLcom 
AU of the l’s should be enclosed between 

the two quotation marks for the address to 
be properly interpmted by the BIONET 
mail software. 

This short article should provide the 

means to contact users almost anywhere in 
the network& world provided one has 

theirektmnicaddress. Ofcourse,aswith 
regular mail, one somehow has to find that 
address by other means. International 
usm dirtxtories 1~ still in their infancy, 
but there are means of determining 
addresses if the telephone or regular mail 
can not be used to find this. The BIONET 
consultants can help with this and any 
other communications questions. please 
do not hesitate to send them an e-mail 
message to the BIONET address or call 
them at (415l324-4363. q 

User Manual Replaces Short Course 

A User Manual, which replaces the current 
Short Course, will be made available to 
BIONET Principal Investigators this 
Spring. Each Kncipal Investigator wiLl 
receive one copy of the manual. 

The User Manual is organized into the 
fobving sequence analysis topics: 

- sequence entry and editing 
-sequence location 
- sequence and map display 
- sequendng project management 

. - squence translation 
- seqmmce aompositlon 

-sequencestlucture 
- restriction analysis 
-cloning simulation 
- sequence comparision and alignment 

Each topic contains annotated program 
examples illustrating the step-by-step 
procedures involved in performing 
SpeciBc operations. The User Manual also 
includes sections on tile structure, data- 

bases, and program commands. Addi- 
tional information may be obtained from 
Kathryn Berg at (4151962-7337. o 

Subscription Fees 

Each year BIONET account holders are 
assessedaflatS4OO.OOfeeusedtocover 
telecommunications charges. New ac- 
counts are billed when the BIONET 
account is activated. For renewing 
subscrilbers, a reminder notice is sent out, 
foliowed by an invoice a few weeks later. 
It would be appreciated if the invoices for 
both new accounts as well as renewing 
subsuii would be paid within a 
reasonable length of time. 

We have instituted a policy of freezing 
delinquent aaounts if the yearly subscrip 
tion fee is not forthcoming. If your 
account ha5 been frozen, please call 
(415x362-7337. 0 



aosendusyour.writtcn&tsaIJout 
BIONET (signed Iutdcopy,‘plase!l~ ;;::.:? ., 
Plea5edetaBboththe~alld -: -+ : 
negative aspects of the w .,. 
toenableusto~thesevke thaw?: 
provide ourmailingaddres?ir: : 

: ;i- 
Dr.DavidKristofdaroa 

mm ., .:>;>f ;” ;. . 
c/o in- .- 

7ooEElCiminolbrl -,: 
MomaInview,cA 94040 : 

. 
Wewouldalsoappresiatethreecopisoof 
anypublicationsfromyourlabomtory 
sinceDeamber1,l9s7thathaveentaBed 
theuseofBIONET. Thankyouin 
advance for your coopaaioh 

AJ~w~~MT4-~ Progrsm 
Speeds Similarity Searches. 

A5thl?fil%t5teptowardsutil&ingthenew 
BIONEl’ Sun computers, the FASTA- 
MAIL pqram, developed by BIONET’s 
SySb3lt5progrpmmcn(EliOtIauudROb 

Liebsdtutzl, was ndeased August 17. 
SIncethf&overtloo~PfRand 
SWISSPRUI’ seprchc) have k run by 
BIONEl=uaek TheFASI’A-MAIL 
programallowsauaertomtdamaIl 
message containing a nudek add or 
pmteinquayseqmmcetoaBIONETSun 
computer. A sequence similarity mh is 
thenp&ormedagainstanucleicacidor 
protein databank using the FASTA 
program developed by William Pearson 

,m ds I& file on the BIONEI’ DEC- 
206!5amputer.TheF~A~isan 

rbprond. version of the older FASIF and 
FASTNpro%rrma Byincorporating 
dktinctsaningmatricee,bothproteinand 
DNAman?execukdbythesame 
pmgmu~ FASA inchrdes an additional 
8kpInthecalculationoftheinitial 
pebwI5e5ImBarity5unethatauo~ ,_ 

Gfurthw co+i&ion and optimkd 
aP=nL. 

To IPY FASTA-MAIL on BIONET, the 
qtmrysequauemustadheretostandard 
InteUadc5 file format axwention5. 
BsauseFAST’A-MAiLisamailserver, 
truootherstipuUonsalsoapply:(1)no 
I&&thsfik~kI~gerthUtBO~ 
actemandQ)tkeGinonlybeone 
sequmceintheflk TostuttheFASTA- 
MAIL pugram, type FAZTA-MAIL at the 
XoNEr-4rpmnptThepqmmi5 
quita simple and user&mdIy, but we do 
urgeusersto~dtheon4ineHEL.P 
FASA-MAIL help topic at the “(D” 
prompt. ThisdocumentatIonexplainsthe 
FASI’Aaawingpmdure,givesp~~&cd 
advia about submit&q jobs, and contains 
biwogrrphic- forti- 
Asaondhclptoplc,HELPEf35,- -.. - 
pmvkleaacompIekste+y+tepaumple 
oftlmprogramfromsubmissionofa 
FASTA-MAILjobthroughareviewofthe 
dts. Panun~thattheuserdloo5ea 
arewhichdatabasetosesrchandthe 

-valuedTKV. TheKWPvaluei5 
aImlopstothethcoRDs~parameter 
intheiFiNDpnpm. Itdetetminashow 
nunyautsecdvelaid~mustmatdtin 
tkfIntpasskfactkregionkconsId- 
eredbytbeprogram. AlowwKTUP 
vaIlaeIlKmUasthe!sensitlvityofthe 
5eaebutk?ngthensthereprrhtime 
arponatklly. The tumamundtimeon 
seamhesdependsprimar@onfrow 
mUrpthIBjObSprcilltheqwUetUKlthc 
lciuPvahas. Currently,job55c?emtok 
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running in 10 to 20 minutes for protein 
searchesandinlto3hoursforfuIl 
GenBankwb. 

Many users have asked questiona regard- 
ing the interpretation of search results. 
Bear in mind that a high similarity score 
cannot prove biological homoIogy, it can 
only provide evidence FASIA-MAIL 
provides three scores for each sequence 
displayed, INITN, INm, and OPT. INlTl 
isthesameastheoldFASIPorFASIN 
“INIrscoreandispknariIyincIudedin 
FASI’A-MAIL for comparison with zsults 
from these older programs. The INITN 
score is the score used on the first pass to 
rank sequences or discard those below a 
cutoff score. While the INITN score does 
allow gaps within matching regions, the 
gap-penalty does not vary with distance at 
this point, nor does the program chadc to 
saeifthereisabetteralignmentofthetwo 
s4quence5 yielding a better scorn These 
are induded when the final OPT score is 
calculated by a Needleman-Wunsch/ 
Smith-Watterman-type of alignment on 
the region surrounding the highest scoring 
initial region. The alignment displayed is 
based on this final alignment procedure. 
Thus, while the INlTN score determines 
whichsequencesarckeptandtheorderin 
which they are displayed, the OET score 
gives a more precise gauge of the similar- 
ity of sequences. However, since the OPI 
ttcore is not calculated for each equence in 

the database, there is no mean and 
standard deviation generated for the OPT 
5am5. TheINlTNsoDrestlllmustbeused 
when one compares the high saxing 
sequences agahst the fuIl population. 

Two method6 ue useful for deteeminlng 
stat&ticsl significe~ One can simply 
c~mpate the INITN score of the sequence 
in question with the moan and standard 
deviation of al1 INITN scores to e how 
many standard deviations above the mean 
thescorelies. Ho wevex,onemustkeepin 
mind that in a sufficiently large 
database! search there usually wiIl be 

soma random matches that stllI acore even 
thRe or four standard deviations above 



the mean. To see if a high mring * 
quence is truly similar to the target quetY, 
Lipman and Pearson suggest randomizing 
one of the two sequences and then scoring 
it with the same INTIN or OPT scoring 
pmceduR IftheorigInaIun.randomi7Jsd 
score is much higIwr than random&d 
runs, this indicates that the high score is 
related to the sequence order and not just 
to the seque~e composition. William 
Pearson has developed a program, EDa 
which perfwms this Monte Carlo simula- 
tion. This program wiII be avai&bIe on 
BIONEI’ when users are shifted to the Sun 
system. Contact Dr. Pearson directly if 
youwishtoobtainEDF2forPCsor 
mainframe Unix computers. 

The original paper by Wa Pearson and 
David Lipman descriig the FASTA 
program, “Improved toob for bioIogkaI 
sequence compark4oq” appeared In the 
April 1988 issue of PNA5 (VoI. 85, pp. 
2444-2448). WiIliam Pearson may be 
contacted by e-mail at *wrp&&ginia.edu” 
or at the Department of Biochemistry; Box 
440, Jordan I&II; Univ. of Virginia; 
Charlottesville, VA 22908. BIONEI’ would 
like to thank Williun Pearson and David 
Lipman for aBowIng BIONET users access 
to their programs and for pmvIdIng details 
regarding the program'5 xoms. We look 
forward to receiving comments and 
suggestions about the FABTA-MAIL 
P*f3=m. 

.  .  
A..-’ 

.  

Multiple Aligned Sequence 
Editor (MASE) 

: 
A*yrisof*,&&&&g 

number of sequmcwcanbequite~~ 
fmstrating and, above al& tinuxonsum- 
ing. Most aIgorithms can only handIe a+ 
quences of limited sizl Outputs fnnn 
available multiple sequence alignment 
algorithms often need hyther refinement 
to make bioIogIcaI saw. These and &ted 
problems with sequemzanaIysIs 5timu- 

lated my joii, effort with Don FauIkner to 
design and dcvclop a gener&purpose 
multiple sequence editor now aIled 
MA5E.OurworkbeganbackIn1986when 
I was a rawch kllow at Harvard. It has 
been continued a5 a adkborative pmjxt 
since 1 joined BIONET as a scientist In the 
middle of 1987. An introductory artide on 

MA~canbefoundintheAugustissue 
of Trends in BIochemIaI sdences, (Fat& 
ner, D.V. 6r lurks, J; voI. 13, pp. 321322). 
A limited number of reprints of this 
article are still avaiIabIe from’either a 
author. 

MASEcankin5tded~wmpuhr5 
nmningtheBer3&yUNlXoperating 
system. Many non-pm8t meardt gmups 
wIthaae5storBerkel5yUtisy5te!m 
have!aIraadyiKquimd&ee!&orfreeof . 
dwgefmmHarvad. lbrthosenon- 
pmfitretedm3whodonothavexN55 
totheappmpriatehanIwaru,BIONETb 
auknizedtodis&ukMASEon-lin. 
Currently, BIONET Is moving from our 
DEC-20 to a network Ot do~td BUN 
computa8.Afhrthi5tmNitton,MAsE 
wIBbemadeavGlabkeu-IIneinIate1988~ 
aeuIy1989.FmmthershnicalpoIntof 
ViWitWOUkikVUp5dUltOknOW 
howmanypotentiaIBlauEr5ub5aii 
needthesequa~editrx. Wetherefore 
a5kpotentjainewusa5tomailm 
ektmnk message tojurka@bionet- 
2O.bioaet. Thank you for your help. 

JazyJ- 

November Training 

A.reyouanewuserofBIONED Orare 
youanarpaienaedu.5wwantingto 
becomemorepmBcientwIthyouruseof 
BioNlm PlantopartIdpteinan 
upcoming BIONEI’ training xssion. 

Then&tckssisschduidbrNovember 
17-l% 1988. Topics covued wiII indude 
5aquenNdataentryandalit in&5e!qu~ 
inggdmuugrmcnt,nudekacidand 
psptidesaqlKnNd*dahbasestruc- 
tumaMi5expmcerdli#al,colkcting5e- 
qumar=fi-gfotprttans, 
aqencedmitrity-, and ekc- 
tmnicmail. 

Thetrdning565IonwiBnmfmm8~30 
unti l5M)pmandfmm63Ounti l9M)pm 
oaNovemIJer17th. TheevanIng&SsIon 
wil lcQvertheTOPSZOopntIng5y5tem, 
COOUtt&t iON SOhVUe, th OldiN hdp 
fadlitiee#a5wdlasan owmkw of contrii 
l l td5oftwmmIhe seasian on November 
l&hbe@nsatgM)amwIthaqtmstionand 
answerseUion.EnmaIinunutionbegins 
at9zOOamandcondudesa5100..Lunch is 
provided each day. Evening me& are not 

provided, but there are reasonably priced 
restaurants within wdking distance. 

BIONET is located in the InteIIiCenetics 
Building, 700 East EI Camino EeaI (at the 
inters&ion of Highway 85) In Mountain 
View, CA. This is within easy driving 
clhance from either the San Francisco or 
San Jose airports. 

Thecostofthetrainingiskeptlowto 
encourageuserstoattend. ThereguIar 
priceIs$lOOforthetwodaypmgmm. To 
help offset the additIonsI cost of tanspor- 
tation, outof&ate subscribers pay $50.00. 

ThetraIningisBmitedto12pwpIeona 
&t-come, first-serve basis. To reserve a 
pIace, caII Kathryn Berg at (415) 962-7337. 
We aaept purchase orders, MasterCard, 
VISA, or pasonaI check Payment should 
beswtto: 

BIONEI’ 
c/o IntelliceNtic5 

7wEa5tElcaminoRNl 
Mountain View, CA 94040 

We are enthusiastic about the BIONEf 
resource and look forward to facilitating 

~youruseofit. 

1989 Training Schedule 

Listed below are the dates for BIONIC 
mining in 1989. Note that the course has 
ban expanded to cover additional topics, 
5udt a5 contriited software, file transfers 
and tekcommunications. 

Febmaxy6,7’ 
Mardi 15,16,17 

May 17,lS. 19 
July 19,20,21 

September 20‘ 21.22 
’ November 15,16,17 
l wening session on 2/7 

BIONET I’kws is pvblishcd by the BIONFT 
GnnpnkrJz?soura s-q contributors to t/is 
is5wppn KlAy?l&g,KamDaoir,~nzy 
lurka, muid Kristoh, and spcnccr Yeh. 
Yonr conwunts 0ld sqgestfons on this 
pubriatfonnngn?attyoppnciPtcd. 
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IV. BIONET Software Lending Library Catalog 
A copy of the catalog is provided in this appendix. 
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Version 1.5/KB/ll-88 

PC-Lending Library Software 

Please send one disk for each program requested. Include a self-addressed, stamped mailer along with 
the disks and request form. This will greatly streamline the ordering procedure. Send your request to 
BIONET, 700 E. El Camino Real suite 300, Mountain View, CA 94040. Substantive questions about the 
programs, or any difficulties with program functions should be addressed to bionet@BIONET-20.arpa. 

I. Communications/Terminal Emulation 
Multipurpose public-domain software for logging on to BIONET, VT100 emulation and file transfer. 
Various formats are available: 

l Kermit--for IBM PC compatible computers 

l MacllKermit and Kermit Shareware--for Apple Macintosh, Macintosh II, and Macintosh SE 
computers (send 2 disks for these programs) 

II. Editor 
l Micro-emacs-text editor available for BIONET subscribers. Either high or low density 

versions may be requested. 

Ill. Contributed Software 
All programs come on 5 l/4 ” diskettes 

SEQAIDII 
D. J. Roufa and D. D. Rhoads 
Division of Biology 
Kansas State University 
Manhattan, KS 66506 

Droufa@BIONET-20.arpa 

SEQAIDII is a multifunctional program for DNA sequence analysis. 

System requirements: IBM PC compatible computer. Working files require 200 000 bytes of disk 
storage space. 

Flies Included: 
l INSTALL.DOC--Documentation file 

l SEQAIDFD.EXE--Self-extracting arechive of SEQAIDII files 

l SEQAIDII.NEW--Release notes for version 3.0 

l README.DOC--Installation instructions 



PCZUCKER 
Michael Zuker 
National Research Council 
Biological Sciences 
Room 3115 
100 Sussex Dr. 
Ottawa, ON Kl A OR6 CANADA 

ZukerQBIONET-20.arpa 

PCZucker is a program for global prediction of RNA secondary structure. 

System requirements: IBM PC compatible computer 

The programs require a minimum of 512 kbytes of RAM, version 2.0 (or later) of DOS, and a floppy 
containing 360 kbytes, or 1.2 mbytes. 

Flies Included: 
l Two versions of PCFOLD 

1. PCFOLD.EXE--packs the arrays, to extend the length of the longest fragment it can 
fold (425 bases maximum). 

2. PCFOLD2.EXE--does not contain packing, can handle only fragments of 345 bases 
maximum. 

l README.DOC--Documentation and explanation of program use 

l MENUDAT,MENUDAT2-Data files needed by the program 

. FOLD.ENR-Energy file 
l FOLD.BAT--Batch file to run PCFold program 

l FOLD2.BAT--Batch file to run PCFold2 program 

l PSTV-Default sequence file 
The source code is available in: 

l SOURCES.1 --Source programs for PCFOLD.EXE 

l SOURCES.2~-Source programs for PCFOLD2.EXE 



MOLECULE 
John Thompson 
Carnegie-Mellon University 
Biological Sciences 
616 Mellon Institute 
4400 Fifth Ave 
Pittsburgh, PA 15213 

Woolford.Thompson@BIONET-20.arpa 
This disk contains compressed files for John Thompson’s MOLECULE program for display of secondary 
structure prediction. The programs read .CT files produced by Zuker’s PCFOLD program, and display a 
2D graphic representation of the structure. Three versions of MOLECULE are available, but only one 
need be accessed, depending on the monitor-type being used. 

System requirements: IBM PC compatible computer 

Flies included: 
l CMOLECULE.ARC--IBM colorgraphics monitor 

l EMOLECULE.ARC--EGA monitor (Enhanced Graphics Adaptor) 

l HMOLECULE.ARC--Hercules Monochrome Card 

l l .DOC--instructions on program use 

l ‘.PAS--source code, in Turbo Pascal 

ALIGN 
Dan Davison 
Dept of Biochemical and Biophysical Sciences 
University of Houston 
University Park 
4600 Calhoun 
Houston, TX 77064 

Goad.Davison@BIONET-20.arpa 

Keith Thompson 
Biology Dept. 
Brookhaven Nat’1 Lab 
Long Island, NY 
The ALIGN.DOC file provides a detailed description of how the program compares sequences the user 
has submitted. The documentation includes a step-by-step explanation of the procedures involved, and 
clarifies program parameters. Several types of output are available. The program has the capacity to 
print any or all of the following: 

1. imput data (amino acid or nucleotide sequences typed in by user) 

2. table of matches--which show actual start and stop positions of each match found 

3. a listing of matched and unmatched areas 

System requirements: IBM PC compatible computer 

Files Included: 
l ALIGN.EXE--executable version of ALIGN 

l ALlGN.DOC--documentation and explanation of program use 
There are many other accessory files also on this disk. 



ALP3tALN3 
Osamu Gotoh 
Dept. of Biochemistry 
Saitama Cancer Center Research Institute 
Ina-machi Saitama 362 
JAPAN 

This diskette contains some implementations of the algorithm for aligning three protein or DNA sequences 
described in Gotoh, 0. (1966) J. Theor. Biol. 121,327-337. 

System requlrements: IBM PC compatible computer 

Files included: 
l ALN3.EXE--program for aligning three DNA sequences 

l ALPS.EXE--program for aligning three protein sequences 

l MDM-1 .DAT--program data file 

l MAKMDM.EXE--accessory file 

Teat data files: 
. Sl .SEQ DNA 

. S2.SEQ ” 

. S3.SEQ ” 

Pl .PEP Protein 

. P2.PEP ” 

. P3.PEP ” 
Also included: 

l SEQFORM.DOC --describes the sequence file format to use when running ALN3/ALP3. 

PLASMID PAINT 
Joe Liisick 
Dept. of Pathology, M-01 2 
U C San Diego 
La Jolla, CA 92013 

Jlipsick@BlONET-20.arpa 

PLASMID PAINT, a program written in Microsoft QuickBASIC 2.0, allows one to draw plasmids. 

System requirements: IBM PC compatible computer with a CGA-compatible adapter and screen 

Files included: 
l PLASMIDC.EXE--executable file 

l PAINT.BAT--short batch file which loads the DOS GRAPHICS command and then runs 
PLASMIDC.EXE. 

l README.DOC--explanation of program use 



OLIGO MUTANT MAKER 
Kevin Beadles 
1044 l/2 Shrader St. 
San Francisco, CA 94117 

(415)759-0148 (Kevin will call you back collect if he must return your call. 
OligoMutantMaker simplifies the designing and screening of oligonucleotide-directed single amino acid 
substitution experiments by searching for nucleotide sequences which introduce a restriction 
endonuclease recognition sequence into the codon substitution site of the mutant. 

System requirements: IBM PC compatible computer. 

Files Included: 
l README.DOC--Documentation file 

l BWMUTANT.COM--Executable file for monochrome monitors. 

l CMUTANT.COM--executable file for color monitors. 

l CUTTERS.DAT--Binary database of enzyme cleavage and availability data. 

l CODONID.DAT--Standard genetic code. 

l [ENZYME.TXT]--This file is created every time the program is run. It contains a copy of the 
results of the last analysis. 
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V. BIOSCI Bulletin Board Network Information 
A copy of the information sheet which is mailed electronically to interested parties is included in this 
section. 
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BIOSCI BULLETINS 
---------------- 

The following is a list of bboards available for distribution to sites 
on the ARPANET/Internet, BITNET, EARN, NETNORTH, and JANET. For each 
of these bboards a list of BITNET name abbreviations and analogous 
USENET newsgroup names are listed below. Finally, we provide a list 
of the various sites (nodes) that distribute the bboards and the 
address format for posting messages. Note that messages posted at any 
node are automatically redistributed to all other nodes on the BIOSCI 
network and subsequently to their readers. 

BBOARD NAME 
_---------- 
AGEING 
BIONEWS 
BIOTECH 
BIO-CONVERSION 
BIO-MATRIX 
CONTRIBUTED-SOFTWARE 

EMBL-DATABANK 
EMPLOYMENT 
GENBANK-BB 
GENE-EXPRESSION 
GENOMIC-ORGANIZATION 
METHODS-AND-REAGENTS 
MOLECULAR-EVOLUTION 
ONCOGENES 
'PC-COMMUNICATIONS 
PC-SOFTWARE 
PIR 
PLANT-MOLECULAR-BIOLOGY 
PROTEIN-ANALYSIS 
RESEARCH-NEWS 
SCIENCE-RESOURCES 
SWISS-PROT 
YEAST-GENETICS 

BITNET abbreviations 
established: 

BBOARD NAME BITNET/EARN Name 
----e---e-- a-----F-----m--- 
AGEING AGEING 
BIONEWS BIONEWS 
BIOTECH BIOTECH 
BIO-CONVERSION BIO-CONV 
BIO-MATRIX BIOMATRX 
CONTRIBUTED-SOFTWARE SOFT-CON 
EMBL-DATABANK EMBL-DB 
EMPLOYMENT BIOJOBS 
GENBANK-BB GENBANKB 
GENE-EXPRESSION GENE-EXP 
GENOMIC-ORGANIZATION GENE-ORG 
METHODS-AND-REAGENTS METHODS 
MOLECULAR-EVOLUTION MOL-EVOL 
ONCOGENES ONCOGENE 
PC-COMMUNICATIONS SOFT-COM 
PC-SOFTWARE SOFT-PC 
PIR PIR-BB 
PLANT-MOLECULAR-BIOLOGY PLANT 

TOPIC 
--e-s 
Scientific Interest Group 
General announcements 
Biotechnology issues 
Scientific Interest Group 
Applications of computers to biological databases 
Information on molecular biology programs 

contributed to the public domain 
Messages to and from the EMBL database staff 
Job opportunities 
Messages to and from the GenBank database staff 
Scientific Interest Group 
Scientific Interest Group 
Requests for information and lab reagents 
Scientific Interest Group 
Scientific Interest Group 
Information on communications software 
Information on PC-software for scientists 
Messages to and from the PIR database staff 
Scientific Interest Group 
Scientific Interest Group 
Research news of interest to the community 
Information about funding agencies, etc. 
Messages to and from the SWISS-PROT database staff 
Scientific Interest Group 

(<= 8 characters) for each bboard have been 



PROTEIN-ANALYSIS PROTEINS 
RESEARCH-NEWS RESEARCH 
SCIENCE-RESOURCES SCI-RES 
SWISS-PROT SWISSPRT 
YEAST-GENETICS YEAST 

Note: For the database bboards addresses such as PIR, EMBL, etc., were 
avoided since these may conflict with other BITNET addresses at the 
EMBL, etc., if they join the distribution scheme. 

Equivalences of the Unix USENET newsgroup names to the ARPANET mailing 
list names follow: 

bionet.general ................... ..BIONEW S 
bionet.jobs ...................... . .EMPLOYMEN T 
bionet.technology.general ........ ..BIOTEC H 
bionet.technology.conversion ..... ..BIO-CONVERSIO N 
bionet.molbio.news ............... . .RESEARCH-NEW S 
bionet.molbio.ageing ............. ..AGEIN G 
bionet.molbio.bio-matrix ......... ..BIO-MATRI X 
bionet.molbio.methds-reagnts ..... . .METHODS-AND-REAGANT S 
bionet.molbio.genbank ............ ..GENBANK-B B 
bionet.molbio.embldatabank ....... . .EMBL-DATABAN K 
bionet.molbio.pir ................ ..PI R 
bionet.molbio.evolution .......... . .MOLECULAR-EVOLUTIO N 
bionet.molbio.gene-express ....... . .GENE-EXPRESS10 N 
bionet.molbio.gene-org ............ .GENOMIC-ORGANIZATION 
bionet.molbio.oncogenes .......... . .ONCOGENE S 
bionet.molbio.plant .............. ..PLANT-GENETIC S 
bionet.molbio.proteins ........... ..PROTEIN-ANALYSI S 
bionet.molbio.swiss-prot ......... ..SWISS-PRO T 
bionet.molbio.yeast .............. ..YEAST-GENETIC S 
bionet.sci-resources ............. . .SCIENCE-RESOURCE S 
bionet.software.pc ............... ..PC-SOFTWA RE 
bionet.software.pc.comm .......... . .PC-COMMUNICATIO N 
bionet.software.contrib .......... . .C~NTRIBUTED-SOFTWAR E 

BIOSCI Nodes 
-------a---- 

Information about the BIOSCI bboard network can be obtained by mailing 
to the address 

biosci@xxxx 

where xxxx can be any of the following node addresses, e.g., 
biosci@uk.ac.daresbury in the United Kingdom. 
outside of Europe and North 

Interested parties 
America should contact whichever node is 

most convenient. Messages can be posted directly to bboards at any of 
these nodes by using the address format 

bboard@xxxx 

where bboard is a name from the lists above and xxxx is from the node 
list below, e.g., bionews@umdc.bitnet Note that nodes listed as 
(Internet) sites utilize the long bboard names as indicated in the 
first list above and nodes listed as BITNET, EARN, or JANET use the 
BITNET abbreviated bboard names. 

Europe North America ------------------------------------- ---------------------------------- 
Sweden bmc.uu.se (Internet) net.bio.net (Internet) 
UK uk.ac.daresbury (JANET) 
Ireland irlearn.bitnet 

bionet-20.bio.net (Internet) 
(BITNET/EARN) umdc.bitnet 

Ireland irlearn.ucd.ie 
(coming soon, BITNET) 

(Internet, 
but uses BITNET bboard names) 
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VI. BIONET Training Schedules 
The schedules for the five Mountain View Trainings are included. 

72 



Training Schedule 

March 17 & 18,1988 

Thursday, March 17 

Time Topic 
9:00- 9:45 Introduction 
9:45-10:15 Sequence Entry 
10:15-10:30 Break 
10:30-l 2:00 Sequencing Project Management 
12:00- 1 :oo Lunch 
1 :oo- 1:20 Cloner Demonstration 
1:30- 2:oo Sequence Alignment 
2:00- 3:15 DNA Sequence Analysis 
3:15- 3:30 Break 
3:30- 4:45 Peptide Sequence Analysis 

Friday, March 18 

Time 
9:00- 10:30 

10:30-l 0:45 
10:30-l 2:oo 

12:00- 1 :oo 
1 :oo- 3:oo 
3:00- 3115 
3:15- 4:oo 

instructor 
Nancy Bigham 

Vicki Johncox 

Constance Gensch 
David Kristoff erson 

Spencer Yeh 

Instructor 
Constance Gertsch 

Topic 
Database Structure 
and Simple Searches 
Break 
Finding Sequences 
in the Databases 
Lunch 
Sequence Alignment 
Break 
Electronic mail and bulletin boards 



An Introduction to the IntelliGenetics Suite 
Course Schedule 

May 19 and 20,1988 

Thursday, May 19 

8:30 9:00 Introduction 
Overview of the IntelliGenetics Programs 

9:oo 9:45 Sequence Data Entry and Editing 

9:45 lo:30 System commands 

lo:30 lo:45 Break 

Nancy Bigham 

10:45 l2:OO 

12:oo l:oo 

1 :oo 2:15 

2:15 2:30 

2:30 3145 

3:45 5:oo 

Friday, May 20 

8:00 9:00 

9:oo 1030 

10:30 10:45 

10:45 12:oo 

12:oo l:oo 

1:OO 3:15 

3:15 3:30 

3:30 4:30 

Sequencing Gel Management 

Lunch 

Nucleic Acid Sequence Analysis 

Break 

Peptide Sequence Analysis 

Electronic Mail and Bulletin Boards 
File Transfer 

Open Classroom 

Database Structure 
and Sequence Retrieval 

Break 

Collecting related sequences, 
searching for patterns 

Lunch 

Sequence Similarity Searches 

Break 

Review and Questions 

Vicki Johncox 

Trish Benton 

Spencer Yeh 

Dave Kristofferson 

Consultants 

Beth Swank 

Sunil Maulik 

Nancy Bigham 



An Introduction to the IntelIiGenetics Suite 
Course Schedule 

July 14 and 14 1988 

Thursday, July 19 

8:30 

8:45 

9:oo 

9:45 

10:30 

10:45 

12:oo 

1 :oo 

2:oo 

3:15 

3:30 

8:45 

9:oo 

9:45 

10:30 

10:45 

12:oo 

l:oo 

2:oo 

3:15 

3:30 

5:oo 

Introduction 
Overview of IG Programs 

Vickie Johncox 

BIONET Resource Dave Kristofferson 

Operating System. 
File Structure 

Vickie Johncox 

Electronic Mail Kathy Berg 

Break 

Sequence Entry Vickie Johncox 

Lunch 

Sequencing Gel 
Management 

Spencer Yeh 

NA and Peptide Sequence Analysis 

Break 

Problems 



Friday, July 20 

8:00 9:oo Open Classroom Consultants 

9:oo 10:30 Database Structure 
and Sequence Retrieval 

Vickie Johncox 

10:30 10:45 Break 

10:45 12:oo Collecting Sequences. 
Pattern Searching 

12:oo l:oo 

l:oo 3:15 

Lunch 

Sequence Similarity 
Searches 

Sunil Maulik 

3:15 3:30 Break 

3:30 4:30 Review and Questions Vickie Johncox 



An Introduction to the IntelIiGenetics Suite 
Course Schedule 

September 15 and 16 1988 

Thursday, September 15 

8:30 8:45 

8:45 9:oo 

9:oo 9:30 

9:30 lo:oo 

lo:oo 10:15 

10:15 10:30 

10:30 11:15 

11:15 12:oo 

12:oo l:oo 

l:oo 3:15 

3:15 3:30 

3:30 5:oo 

Introduction 

Introduction to 
BIONET 

Operating System, 
File S true ture 

Electronic Mail 

Organization of 
IntelliGenetics 

Break 

Sequence Data Entry 
and Editing 

Sequencing Gel 
Management 

Lunch 

NA and Peptide 
Sequence Analysis 

Break 

Problems 

Vickie Johncox 

Dave Kristofferson 

Trish Benton 

Kathy Berg 

Murray Summers 

Karen Davis 

Trish Benton 

Karen Davis 



Friday, September 

8:OO 9:oo 

9:oo 10:30 

10:30 10:45 

10:45 12:oo 

12:oo l:oo 

l:oo 3:15 

3:15 3:30 

3:30 4:oo 

4:oo 4:15 

16 

Open Classroom Consultants 

Database Structure 
and Sequence Retrieval 

Trish Benton 

Break 

Collecting Sequences, 
Pattern Searching 

Lunch 

Sequence Similarity 
Searches 

Break 

Problems 

Review and Questions Vickie Johncox 

Sunil Maulik 



An Introduction to the IntelliGenetics Suite and BIONET 
Course Schedule 

November 17 and 18,1988 

Thursday, November 17 
8:30 

9:oo 

9:15 

9% 

10:15 

10:30 

11:15 

12:oo 

l:oo 

1:30 

3:30 

3:45 

5:oo 

9:oo 

935 

9:45 

Introduction 

Introduction to BIONET 

Operating System, 
File Structure 

10:15 

10:30 

11:15 

Electronic Mail 

BREAK 

12:oo 

1:oo 

1:30 

3:30 

Sequence Data Entry 
and Editing 

Sequencing Gel 
Management , 

LUNCH 

3:45 

500 

Problems 

NA and Peptide 
Sequence Analysis 

BREAK 

Problems 

6:30 BREAK 

6:30 9:oo BIONET-specifii topics BIONET staff 

Vickie Johncox 

Dave Kristofferson 

Vickie Johncox 

Karen Davis 



An Introduction to the IntelliGenetics Suite and BIONET 
Course Schedule 

November 17 and 18,1988 

Friday, November 18 
8:00 9:oo 

9:oo 10:30 

10:30 10:45 

10:45 12:oo 

12:oo 1 :oo 

l:oo 3:oo 

3:oo 3:15 

3:15 3145 

3:45 4:oo 

Open Classroom 

Database Structure 
and Sequence Retrieval 

BREAK 

Collecting Sequences, 
Pattern Searching 

LUNCH 

Sequence Similarity 
Searches 

BREAK 

Problems 

Review and Questions 

4:oo coo BIONET-specific topics 

Consultants 

Karen Davis 

Karen Davis 

Vickie Johncox 

Vickie Johncox 

BIONET staff 



Introduction to BIONET 
Thursday Evening Schedule 

November 17,1988 

630 7:15 Connecting to BIONET, 
File Transfers 

David Kristoff erson 

7:15 7:45 TOPS-20 Operating System, 
EMACS Text Editor 

Karen Davis 

7:45 8:00 BREAK 

8:00 8:30 Bulletin Boards, E-mail 
Addresses, Help Me 

8:30 9:oo Other BIONET Software Spencer Yeh 

Introduction to BIONET 
Friday Afternoon Schedule 

November 18,1988 

4:oo 5:oo FASTA-MAIL 

Karen Davis 

SpencerYeh 
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VII. BIONET Computer Facilities 
A diagram of the BIONET computer facilities follows on the next page. 
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VIII. Testimonials 
Copies of two recently received testimonial letters are included in this section. 
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HARVARD MEDICAL SCHOOL 
DEPARTMENT OF BIOLOGICAL CHEMISTRY 

AND MOLECULAR PHARMACOLOGY 

Tel. (617) 732- 2046 
Fax: 7384516 
Internet: Hinh@BIONET-20.bio.net 

25 Shattuck Street 
Boston. Massachusetts 02115 

Jay Hirsh 
Assoc. Professor 
260 Longwood Ave. 

October 21,1988 

Re: Statement in support of NIH grant to the BIONET computer facility. 

To whom it may concern: 

We have been members of the BIONET computer facility for approximately 3 years. We have found 
this facility to be of great importance to our research. We make extensive use of the homology 
searching and sequence analysis routines, and are just beginnning to take full advantage of the database 
searching routines. These analyses have uncovered a number of promoter elements of the Drosophila 
dopa decarboxylase gene (D&z) that am conserved through evolution and are functionally important 
((Scholnick et al (1986) Science 234,998-1002; Bray & Hirsh (1986) EMBO J., 5,2305-2312; 
Bray et al (1988) EMBO J.,7,177-188.). We enclose a copy of this last reference. Even though it 
did not utilize directly the Bionet resource, this manuscript shows directly that one of the initially 
identified conserved elements is a CNS-specific regulatory element. 

We have recently extended this analysis to a cell-specfic enhancer of Ddc (Johnson, McCormick, Bray 
& Hirsh, in preparation), an -800 bp segment that contains a number of functional elements. This 
approach is also proving to be valid in this region, in that a number of conserved elements are showing 
interesting in vivo functions in regulating different aspects of the neuronal pattern of expression of Ddc, 

Within the past year, we have also begun to make extensive use of the Bionet E-mail facility. We now 
routinely communicate with European and American colleagues using this system Given the cost of 
international phone calls, our use of this facility alone would pretty much justify the yearly bionet fee. 
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We continue to use this facility, even though there is presently a local computer facility claiming to offer 
comparable services at a comparable cost. This decision is due to the superb level of support that we 
have derived from the Bionet staffi Questions regarding operation of the system are answered expertly 
and promptly. The programs and program manuals have been continually evolving, such that the 
programs are now accessible to even novice users in the lab. When I have made queries-such as 
wondering whether database searches couldn’t be done without hanging on the phone for hours- I have 
been surprised and amazed that the staff have gone to what appear to be major efforts to implement 
such searching programs. Our experiences with the aformentioned local computer facility, where the 
level of staff support was almost nill, have shown the value of such services. 

In summary, I hope that NIH will continue to support the Bionet resource. This program has attracted 
a dedicated and skilled staff that provides services and support that we have not been able to find 
elsewhere. An interruption in the funding of this program would certainly cause disruption to a large 
number of users who are highly dependent on these people and this system 

Sincerely, 
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THE JOHNS HOPKINS UNIVERSITY 
BALTIMORE, MARYLAND 21218 

DEPARTMENT OF BIOLOGY Noverrber 28, 1988 

Dr. David Kristofferson 
BIONET 
c/o Intelligenetics 
700 E. El Camino Road 
Mountain View, CA 94040 

Dear Dave, 

I am addressing this letter to you personally because I 
dislike the "To Whom It May Concern" format - it makes me feel 
as though I am writing to an answering machine. Please feel free 
however to show the contents to anyone. 

There are several statements that I would like to make about 
BIONET, its services, its staff and the Intelligenetics suite of 
DNA and protein sequence analysis software that they offer. 

1. BIONET offers a level of support for the researcher that 
cannot be duplicated by many universities or research centers. 

While DNA/protein sequence analysis software can be 
put on the university or medical school mainframe computer 
or run on personal computers, the problem has always been 
w: training people in fundamentals (try to find 
understandable documentation on some of these programs) and 
then teaching them the significance of the variables involved 
and the limitations of the algorithms used. BIONET has made 
a considerable effort to address these problems. They offer 
affordable training at Mountain View, California and are 
willing to come to you if they have staff and time. They 
have made a real attempt to write complete and understandable 
and useful documentation for the system and the programs. Most 
important is their online help and on-call systems experts who 
answer immediate questions about programs and data. It is 
difficult for a systems operator at a university computer 
center to be well-versed on all the software running on the 
machine. Even if they are, they need the time to explain 
the programs. These overworked systems operatqrs must rely 
on local experts or bright students to help people with questions 
about individual programs. Molecular biologists need easily 
accessible, experienced professionals to answer their questions. 
BIONET offers those professionals. 

2. The BIONET staff are highly competent and extremely 
cooperative. I have nothing but praise for the personnel at 
BIONET and the service and support they offer. Over the last 
year, I have received advice (good advice, by the way), had 
problems solved, and talked about on-site training. Everyone 
who dealt with me was knowledgeable, professional and very 
helpful. I really appreciate having these people on call to 
answer my questions 
and skill. 

, which they do with remarkable rapidity 
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3. The systems analysts and programmers at BIONET listen to 
the users. Several times I have had questions about the 
running of a program or suggestions about format or documentation 
and the people at BIONET always listened and corrected the 
program's problem or explained to me my problem. They are 
always improving the system and it is wonderful never to be 
stuck with a "quirk" in the program. 

4. Access to BIONET is very easy for the computer novice. 
As the computer "expert" in Dr. Roseman's laboratory, I find 
that people are very cautious about accessing the mainframe 
computer on campus. Mistakes cost money and since the 
system is not dedicated to one suite of software, the interface 
has to be more complicated. Most people don't want to learn 
DOS for the PC let alone a whole new operating system for 
the Vax or the IBM. BIONET allows the novice easy access 
while retaining all the system commands for the more expert 
or more daring among us. People in my laboratory are connecting 
to the BIONET system with ease and learning as they work. This 
is an immense time-saver for me since the online help keeps 
them from calling my name every five minutes and distracting 
me from my own research. 

5. BIONET provides communication lines between scientists 
that are easily used and therefore frequently used. For a 
while BIONET was the only large scale bulletin board system 
for molecular biologists. Now more and more communications 
lines are open, but the problem is again getting people to 
use them. Some of them require Bitnet or Arpanet, etc. and 
that requires people to access their mainframe computers and 
learn how to run electronic mail systems that are not as 
user-friendly as the BIONET system. BIONET is now acting as 
a gateway to a number of these systems and I for one, am 
grateful that I can hear the news, or send the news without 
running one more program. 

I am very pleased with EIONET and the Intelligenetics programs. 
They have enabled my colleagues and me to further our work in 
molecular biology by providing the sequence analysis software in 
a form that we could learn and understand. I believe that BIONET 
provides necessary and unique services for the research scientist. 

Very truly yours, 

,.iG y7I-Y 7c 4 -7 I /'. J$- 
Donna K. Fox, Ph.D.' 
Associate Research Scientist 


